















LABCO SERVICE 


The uniformity and reliability of Labco Products are features 
of merit which serve to constantly increase their scope of service 
and utility in nutritional and physiological research. 

Basic Labco items widely used for research and routine purposes 
include: Vitamin-free Casein, Lactalbumins, Rice Polish Concen- 
trates, Milk Vitamin Concentrates, and Lactoflavins (riboflavin 
from milk with high solubility). Other items of specialized char- 
acter are also available. 














Prices and Information on Request 

THE BORDEN COMPANY Lemens 

LABCO PRODUCTS DEPARTMENT ‘24 

350 Madison Avenue, New York, N. Y. 




















New Junior Model— 
Van Styxe Manometric BLoop Gas 
APPARATUS 


Seoul cake Peideiidion ot tow cot The ontenetion 
on e 

chamber is the same as that supplied with the motor driven 

Research teed to be calibrated to +0.003 


Model. It is 
mi. at 0.5 ml. and £0,006 mi. at 2.0 ml. 


REASONABLY PRICED AT $40.00 


The low price of the Junior Model Van Slyke Manometrie 
makes possible its more use in student 
ion and clinical labora 


> 


on tories. 
At slight additional this t be lied with 
Ra ciesaty cele shina on tee choot nommmmtercehe, and 
the latter fused to the apparatus. 
Send for Literature and Price List 
MACALASTER-BICKNELL COMPANY 


Cambridge, Mass. New Haven, Conn. 











SILK OAK FLOWERS AS A SOURCE OF s-CAROTENE 


By L. ZECHMEISTER anv A. POLGAR 


(From the Gates and Crellin Laboratories of Chemistry,* California Institute 
of Technology, Pasadena) 


(Received for publication, April 1, 1941) 


The pigment of the yellow flowers of the silk oak (Grevillea 
robusta, Cunningham) does not appear to have been investigated 
heretofore. If the dried material is extracted with ether, the 
solution shows typical absorption maxima at 483 and 453 my, 
corresponding to the spectrum of 8-carétene. The rather blurred 
borders of these bands indicate, however, the presence of other 
polyenic pigments in small quantities. After saponification a 
photometric analysis of the total extract gave values which would 
correspond to 270 mg. of 8-carotene in 1 kilo of the dry flowers if 
no other pigments were present. After a chromatographic separa- 
tion the true 6-carotene content was found to be about 215 mg. 
per kilo. Two-thirds of this amount was isolated as crystals; 
lycopene or y- and a-carotene were not present.! The non- 
carotene fraction is a complicated xanthophyll mixture in which 
no single compound predominates. From this fraction two very 
small amounts of crystalline material were isolated, one of which 
was kryptoxanthin and the other a new carotenoid possessing a 
remarkably short wave-length spectrum. 

For the separation and study of carotenoids contained in extracts 
we suggest the systematic use of the ultraviolet lamp which has 
been so helpful in the chromatography of colorless substances (2). 
Plant pigments are frequently accompanied by large amounts of 
colorless material which prevent the formation of sharp pigment 
zones in the Tswett column and thus a satisfactory separation of 
the components. Furthermore, the crystallization of some carote- 
noids may be hindered. Fortunately many such colorless sub- 


* Contribution No. 826. 
1 In the leaves 8- but not a-carotene was found by Strain (1). 


1 











2 6-Carotene from Silk Oak Flowers 


stances show an intense fluorescence (3). An observation made in 
ultraviolet light during the chromatographic separation of the 
pigments may furnish a good indication of the best method and 
optimum extent of developing the chromatogram. The distribu- 
tion of the fluorescence may also indicate the lines at which it is 
best to cut the column. By sacrificing small amounts of pigment 
large portions of colorless associated material may be eliminated in 
this simple way. 
EXPERIMENTAL 

The flowers were dried in air and then on sieves, over electric 
bulbs, at 40-45°. The milled material (17.7 kilos) was percolated 
with ether and the extract was saponified overnight with con- 
centrated methyl alcoholic potassium hydroxide. The soaps and 
the alkali were carefully washed out; the ether solution was dried 
with sodium sulfate and evaporated. The dark oil was dissolved 
in 1.5 liters of petroleum ether (b.p. 60-70°) and chromatographed 
on calcium hydroxide (Shell). For this purpose it is convenient to 
use two percolators (20 X 50 X 8cm.). The chromatogram was 
developed with petroleum ether until the main bulk of the £- 
carotene formed a dark orange layer, located two-thirds of the 
way down the column. It was rather well, if not sharply, sepa- 
rated by a pale intermediate zone from the other pigments which 
formed a blurred section above the f-carotene. The filtrate 
showed an intense bluish fluorescence. Such a conic adsorption 
“column” cannot be pressed out but when the reversed percolator 
is gently tapped the whole cake comes out in one piece. 

The 8-carotene layer was cut out, eluted with ethyl alcohol, 
and rechromatographed from petroleum ether as described, this 
time in cylindrical tubes (30 X 8cm.). Some small accompanying 
layers were discarded. The 8-carotene section was eluted and 
transferred into petroleum ether from which it crystallized on 
evaporation. The crude product was dissolved in hot petroleum 
ether and absolute ethanol was added. The latter procedure 
yielded 2.6 gm. of well crystallized, optically inactive 8-carotene. 
Maxima, in carbon disulfide 520, 486 my and in petroleum ether 
484.5, 454 mu. After further recrystallization from benzene and 
methanol the melting point was 179.5° (Berl block, short ther- 
mometer, uncorrected). 
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Analysis—CyoHss. Calculated. C 89.48, H 10.52 
Found. ** 89.43, 89.30, H 10.60, 10.50 


On repeated chromatography of the carotenoids which were ad- 
sorbed above the §-carotene, at least twenty narrower pigment 
layers were observed, some of which had been formed by isomeriza- 
tion. Several strongly fluorescing sections were eliminated. 
Small amounts of lutein and kryptoxanthin were identified spectro- 
scopically and by mixed chromatography. A few mg. of the 
former were obtained in crystals. One of the other layers con- 
tained a new carotenoid showing the following maxima: in carbon 
disulfide 490.5, 457 my; in benzene 479.5, 440.5 my; in petroleum 
ether 457.5, 430 mu. This pigment crystallized in long plates. 
The yield was less than 1 mg. 


SUMMARY 


0.15 gm. per kilo of crystallized 8-carotene has been isolated 
from dried silk oak flowers (Grevillea robusta, Cunningham). 
About one-fifth of the total pigment is a complicated xanthophyll 
mixture. 
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A METHOD FOR THE DETERMINATION OF SMALL 
AMOUNTS OF KETONE BODIES 


By T. E. WEICHSELBAUM anp MICHAEL SOMOGYI 
(From the Laboratory of the Jewish Hospital of St. Louis, St. Louis) 


(Received for publication, March 31, 1941) 


Until recently Hubbard’s adaptation of Shaffer’s method (1) 
was the only micromethod adequate for the determination of small 
amounts of ketone bodies, such as are encountered in blood and 
urine within and near the normal physiological range. Other 
modifications of Shaffer’s method, introducing short cuts, like 
Engfeldt’s (2), do not improve the method, as shown by the fact 
that workers using Engfeldt’s technique (and other similar sim- 
plified procedures) obtained for normal human blood from 2 to 
6 mg. per cent of ketone bodies, against the 0.3 to 1.0 mg. per cent 
reported by Hubbard. (In consequence, numerous studies and 
conclusions offered by workers who used such methods are prac- 
tically meaningless.) ; 

Hubbard’s method is almost prohibitively time-consuming and 
tedious for extensive use. Our attempts at eliminating triple 
distillations by means of selective precipitation of acetone with 
the Scott-Wilson reagent or with the alkaline potassium-mer- 
curic iodide reagent of Marsh and Struthers (3) proved that both 
of these reactions are far from being selective for acetone. Mar- 
riott’s nephelometric method (4) and its modification by Shipley 
and Long (5), employing the Scott-Wilson reagent, yield results 
that are often (most conspicuously in the case of liver extracts and 
of hepatic blood) several hundred per cent too high. We turned 
therefore to the adaptation to a micro scale of the method of 
Van Slyke and Fitz (6), which is based upon the specificity of a 
reaction devised by Denigés. 

The limitations of the selectivity of this reaction were repeatedly 
pointed out by Van Slyke, who showed that other substances 
besides acetone are precipitated from blood and urine as mer- 
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6 Determination of Ketone Bodies 


cury compounds. These, however, are negligible, or may be 
corrected for, when the amount of ketone bodies is appreciable, 
as in clinical degrees of ketosis. When, however, variations are 
within or close to normal physiological values, the amount of the 
mercury precipitate derived from interfering substances may be 
greater than that formed by ketone bodies. Thus it can be com- 
puted from Van Slyke’s data (7) that 5.5 mg. per cent of lactic 
acid yield the same amount of mercury precipitate as 0.5 mg. 
per cent of the ketone bodies. This means that in human blood, 
under normal physiological conditions, the lactic acid may cause 
errors of from 100 to 200 per cent in the value of the ketone bodies, 
if their determination is based upon the weight of the precipitate 
or upon the measurement of its mercury content by any analytical 
technique, as was done by Crandall (8) and several other workers. 
Under conditions which cause an elevation of the blood lactic 
acid, this error is of course further augmented. 

We found that this difficulty can be overcome by precipitating 
the acetone with the Denigés reagent from a distillate obtained by 
the combined oxidation-distillation technique introduced by 
Shaffer. When 2.5 mg. of pure lactic acid are subjected to Van 
Slyke’s procedure prescribed for the estimation of 6-hydroxybu- 
tyric acid, it yields, as calculated from Van Slyke’s data (7), a 
precipitate corresponding to 0.23 mg. of ketone bodies; when the 
same amount of lactic acid is oxidized and distilled according to 
Shaffer’s method, and the Denigés compound is then produced in 
the distillate, we find that the precipitate formed is the equivalent 
of only 0.01 mg. of ketone bodies. These figures mean that when 
one is analyzing a filtrate which corresponds to 5 cc. of a blood 
having a lactic acid content of 20 mg. per cent, the ketone body 
content will be 1.8 mg. per cent too high in the first technique, 
while only 0.08 mg. per cent too high in the second, owing to the 
presence of lactic acid. At an actual ketonemic level of 1.0 mg. 
per cent, the error caused by the lactic acid will be +180 per cent 
in the first instance, and +8 per cent in the second. 

The analytical procedure based upon a combination of the 
principles of the Shaffer and the Van Slyke methods had been in 
use in our laboratory when Barnes and Wick described a micro- 
method (9) with which our method has two principles in common, 
in that distillation is included and the acetone is determined iodo- 
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metrically. In execution, however, the two procedures differ 
considerably. Aside from technical difficulties inherent in the 
apparatus which Barnes and Wick employ, our main objection 
to their method concerns the limitation to 1 ec. of the amount of 
blood that can be used for analysis. This implies under certain 
conditions the determination of as little as 0.003 mg. of acetone, as 
for example in the analysis of normal human blood, which contains 
0.5 mg. per cent of ketone bodies. We are persuaded that less 
than 0.01 mg. of acetone cannot be determined with any acceptable 
degree of accuracy. 


EXPERIMENTAL 


Oxidation of B-Hydroxybutyric Acid—The thorough studies of 
Shaffer and Marriott (10) and of Van Slyke (11) duly emphasize 
the profound effect of changes in the dichromate and sulfuric acid 
concentration upon the reaction. One of the virtues of Van Slyke’s 
method consists of keeping the once established optimum con- 
centrations of the reagents constant during the oxidation process, 
whereas the Shaffer method requires the repeated addition of 
dichromate in the course of the distillation. 

While oxidation is performed in our technique in conjunction 
with distillation, we found it feasible to introduce the dichromate 
into the distilling flask in a single dose. But it was imperative 
to seek out the optimal concentrations of the reagents for such 
conditions as were regarded convenient from a technical point of 
view. The figures in Table I show the influence of varying con- 
centrations of dichromate and sulfuric acid upon the yield of 
acetone, expressed in percentage of the theoretical amount. The 
initial volume of the reaction mixture was 60 cc., the quantity of 
8-hydroxybutyric acid (in the form of its pure calcium zinc salt, 
prepared according to the directions of Shaffer and Marriott (10)) 
0.2 mg. in all of these analyses. The dichromate was added after 
the mixture of 6-hydroxybutyric acid and sulfuric acid had been 
brought to boiling. The heating was so regulated that 25 cc. 
of fluid were distilled over into a centrifuge tube in 40 minutes, 
when the procedure was started slowly and the rate accelerated 
in the second half of this period. It was ascertained that the 
oxidation of the 8-hydroxybutyric acid was complete in 40 minutes. 

The figures in Table I show that when 0.4 to 0.6 gm. of dichro- 
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mate (4 to 6 ce. of a 1 per cent solution) and the equivalent of from 
7 to 10 ce. of 20 N sulfuric acid are used in 60 cc. of reaction mixture, 
an optimal yield of 85 per cent of the theoretical amount of acetone 
is obtained. This yield is the same as Shaffer and Van Slyke found 
to be within reach for practical purposes. The initial concentra- 
tion of dichromate is somewhat lower than that in Van Slyke’s 
method, but it increases by the end of the distillation to the same 
level. Concentrations of dichromate and of sulfuric acid above 
the optimal ranges cause a decrease in the yield. 

Precipitation of the acetone-mercury compound was carried out 


TaBie I 
Effect of Dichromate and Sulfuric Acid Concentration on Oxidation of B- 
Hydroxybutyric Acid 


20 w sulfuric acid, cc. 














1 per cent 
; ; re inact 
“Gare | 3 | 4 fw on BP wh, | 8 | » | 1 
mate | 
solution Acetone, per cent of theoretical amount 
15 59 59 59 
10 86 85 69 71 68 56 
8 8 | 84 | 81 83 83 77 71 
6 79 86 86 85 85 85 82 
ia so | 34 86 85 84 
4 | 79 | 79 83 85 83 
3 | 70 | 74 79 81 85 


by heating in a water bath. Boiling in a centrifuge tube under a 
reflux condenser, as was done by Barnes and Wick, was in our 
hands a precarious operation requiring much attention. Instead, 
we collected 25 cc. of distillate in a centrifuge tube, added the 
Denigés reagent, covered the tube with a glass bulb, and immersed 
it in a boiling water bath. After various periods of heating, the 
tubes were centrifuged, the supernatant fluid syphoned off, and the 
acetone content of the precipitate was determined iodometrically, 
without distillation. (Details of this operation will be described 
later.) 

In Table II it is shown that the precipitation is complete in 
90 minutes, the same length of time that is necessary when the 
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reaction mixture is boiled according to Van Slyke’s directions. 
But, as Van Slyke has demonstrated, not all of the acetone that 
is present participates in the formation of the mercury compound. 
Van Slyke, when working with 10 and 20 mg. of acetone, recovered 
in the precipitate 92 and 97 per cent, respectively; but the re- 
covery diminished with decreasing amounts of acetone, so that 
of 2 mg. only 83 per cent was found in the mercury compound (7). 
In our experiments, which are recorded in Table III, it was found 
that heating in the water bath gave results that are very similar 
to those obtained by Van Slyke. Of acetone quantities ranging 
from 0.4 down to 0.1 mg., 89 per cent was recovered in the pre- 


TABLE ITI 


Rate of Reaction in Formation of Acetone-Mercury Compound in Boiling 
Water Bath 





Acetone 








Time | 0.4 mg. | 0.2 mg. 0.1 mg. 0.05 mg. 





0.005 n iodine consumed 





min. ec cc, cc. ce, 
40 | 7.12 3.55 1.47 0.58 
70 7.37 3.74 1.52 0.67 
90 7.37 3.78 1.73 0.87 

| 7.38 3.80 1.74 0.86 


120 
cipitate, while in the low range between 0.05 and 0.01 mg. of 
acetone 84 per cent was recovered. The data in Table III also 
show that the results obtained with our technique are well 
reproducible. 

Recovery of B-Hydroxybutyric Acid—As may be seen from the 
foregoing, two losses are involved in the determination of this 
substance: a loss of about 15 per cent is sustained in the process 
of oxidation, and a loss of similar magnitude attaches to the 
precipitation with the Denigés reagent. In an experiment, the 
results of which are presented in Table IV, variable amounts of 
the pure acid were subjected to the two processes in order to 
obtain a check on the limitations of the procedure. As may be 
seen, the recovery is on an average 70 per cent, the total loss fairly 
representing an addition of the two separate losses. 
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The duplicates are in excellent agreement until the amount of 
8-hydroxybutyric acid drops to 0.1 mg., and the discrepancies 
lie still well within 10 per cent in the range between 0.1 and 0.025 
mg.; with quantities below 0.025 mg., the results obtained are too 


Taste III 

Recovery of Known Amounts of Acetone by Precipitation with Denigés’ 
Reagent 

Volume of acetone solution = 30 cc.; volume of Denigés’ reagent = 10 

ec.; heating time in water bath 90 minutes. 




















Aestine> Sastee —— Acetone recovered | Recovery 
mg. ec. mg. per cent 
0.4 7.38 0.357 89 

7.37 0.356 89 

7.35 0.355 89 

7.38 0.357 89 

0.2 3.66 0.177 88 
3.75 0.181 90 

3.74 0.181 90 

3.80 0.184 92 

0.1 1.80 0.087 87 
1.85 0.0895 90 

1.75 0.0845 85 

1.83 0.0885 89 

0.05 0.85 0.0411 82 
0.88 0.0426 84 

0.91 0.0441 88 

0.86 0.0415 83 

0.025 0.42 0.0203 81 
0.44 0.0213 85 

0.43 0.0208 83 

0.43 0.0208 83 

0.01 0.18 0.0087 87 
0.18 0.0087 | 87 

0.17 | 0.0082 82 


0.16 0.0077 77 


high. We have ascertained that this is due to the fact that the 
oxidation of acetone by hypoiodite is not a quantitative conver- 
sion to iodoform, but that some side reactions take place in the 
process. The consequent error is hardly detectable in ordinary 
analytical work, but when working with very small quantities of 
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pure acetone, such as are involved in the lowest range of Table 
IV, we observed that the iodine consumption is about 25 per cent 
more than that calculated for the straight acetone — iodoform 
reaction. One must therefore either use a correction in such cases, 
or else accept 0.025 mg. of ketone acids (yielding 0.012 mg. of 


TaB_Le IV 


Recovery of B-Hydroxybutyric Acid after Oxidation to Acetone and 
Precipitation with Denigés’ Reagent in Water Bath 

















a-Hy ae acid 0.005 n iodine consumed Recovery . 
mg. cc. per cent 
0.6 4.85 70.5 

4.93 71.5 

0.5 3.94 69.0 
3.90 68.2 

0.4 3.23 70.5 
3.30 72.0 

0.3 2.42 70.5 
2.38 69.0 

0.2 1.63 71.3 
1.60 70.0 

0.15 1.18 69.0 
1.20 70.2 

0.10 0.81 71.0 
0.77 67.5 

0.05 0.40 70.0 
| 0.37 64.5 

0.025 0.20 70.0 
0.19 66.5 

0.020 0.18 80.0 
0.010 0.13 114.0 
0.12 105.0 





acetone) as the smallest amount that can be determined with 
errors not exceeding 10 per cent. 

The side reaction in the hypoiodite oxidation is enhanced by 
higher temperatures and also by dilution of the reaction mixture. 
Elevation of the room temperature on hot summer days is suf- 
ficient to cause measurable differences in the iodine consumption, 
as does a dilution from 10 to 25 ce. In greater dilutions the sharp- 
ness of the titration also suffers, and duplication of results becomes 
impossible. For these reasons we place the tubes during the hypo- 
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iodite oxidation in a beaker of water of approximately 25°, and 
keep the volume of the fluid to be titrated below 10 cc. In the 
light of these observations, the effort of some workers (Barnes 
and Wick for example) to increase accuracy by using extremely 
diluted thiosulfate (0.001 N) is illusory. 


Determination of Ketone Bodies in Blood 


Organic substances contained in protein-free blood filtrates 
interfere with the accuracy of the analysis in two ways. In the 
first place, some of the substances present yield upon oxidation 
with dichromate products which are precipitated with the Denigés 
reagent together with acetone; aside from this, these substances 
reduce dichromate and may decrease its concentration below the 
level that is optimal for the oxidation of 8-hydroxybutyric acid. 
When this is indicated by the change of color of the dichromate, 
Shaffer’s directions call for the introduction into the distilling 
flask of successive additional portions of dichromate. In order 
to obviate both of these objectionable influences and to maintain 
a standard dichromate concentration without after-feeding (which 
is a step in the dark), it is necessary to rid the blood filtrates of as 
much organic matter as possible. 

Deproteinization and Desaccharification——In experiments related 
to other studies we found that when zine sulfate and barium hy- 
droxide are used for deproteinization (unpublished technique), 
more organic matter is removed together with the proteins than 
by any other protein precipitant save mercury salts (which, for 
obvious reasons, cannot be employed in our procedure). This 
is in part due to the presence of freshly formed barium sulfate, a 
potent adsorbent. Further purification of the filtrate is effected 
by our method of desaccharification. For this operation we 
employ basic lead acetate and dibasic sodium phosphate solutions. 
These two steps in the preparation of blood filtrates require the 
following reagents: (1) barium hydroxide, an approximately 0.3 N 
solution ;' (2) zine sulfate (ZnSO,-7H,O), an approximately 5 per 
cent solution;' (3) basic lead acetate, 25 per cent solution of the 


1 These two reagents must be so balanced that when 5 cc. of the zine 
sulfate solution (in 20-fold dilution) are titrated with the barium hydroxide 
(phenolphthalein as indicator), 5 ec. of the barium hydroxide are required 
to produce a permanent pink color. It is essential to add the barium hy- 
droxide dropwise, with continuous agitation. 
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anhydrous, analytical grade;? (4) sodium phosphate, 5 per cent 
solution of the anhydrous, analytical grade of dibasic sodium 
phosphate; (5) sodium sulfate, anhydrous, analytical grade. 

If the ketone body content of the blood is about 1 mg. per 100 
cc., the filtrate to be analyzed should represent not less than 2.5 
ec. of blood. To obtain this, 5 cc. of blood are laked in 10 cc. 
of water in a 25 X 200 mm. Pyrex test-tube; after laking, 10 cc. 
of the barium hydroxide solution are admixed; this is followed 
by 10 ce. of the zinc sulfate solution, and the test-tube is stoppered 
and thoroughly shaken and centrifuged. The supernatant fluid 
is poured through filter paper,’ and 21 cc. of the filtrate (represent- 
ing 3 ec. of blood) are transferred into a 25 X 200 mm. test-tube 
for desaccharification. To this 4.5 cc. of the lead acetate reagent 
are admixed, then 4.5 cc. of the phosphate reagent are added, and 
the tube is stoppered and thoroughly shaken. Finally a “knife 
tip” of sodium sulfate is introduced (0.1 to 0.2 gm. of the salt, 
an excess being harmless) and dissolved in the mixture by vigorous 
shaking. After centrifugation and filtration,’ 25 cc. of sugar-free 
filtrate, corresponding to 2.5 ec. of blood, are ready for analysis. 

If the blood contains less than 1 mg. per cent of ketone bodies, 
as does human blood under normal conditions, 10 cc. of blood are 
to be used and all the above measurements are doubled in order 
to obtain 50 cc. of filtrate, representing 5 cc. of blood. Contrarily, 
when the ketone body content of the blood is higher, less blood 
is to be used and deproteinization may be performed at greater 
dilutions, such as 1:17 or 1:27. Thus, when one is working with 
small laboratory animals, reliable results can be obtained with 
0.1 cc. of blood, if the ketone body content is not below 10 mg. per 
cent. Stereotyped formulas for adaptations of the procedure 
are superfluous; it is sufficient to know that 2 volumes of each of 
the deproteinizing and 1.5 volumes of each of the desaccharifying 
reagents are required per volume of blood, and, furthermore, 
that the blood filtrate to be analyzed must yield at least 0.01 mg. 
of acetone. When precipitating at great dilutions, double the 
amounts of the reagents for a more efficacious purification of the 


? Mallinckrodt’s anhydrous, basic lead acetate, analytical reagent (for 
sugar analysis), proved to be a satisfactory preparation. 

* Whatman No. 44, 9 cm., was found adequate. Several other varieties 
of filter paper that were tried added interfering substances to the filtrate. 
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filtrates. Removal of the glucose may be omitted when 0.1 to 
0.2 ec. of blood is used in the analysis. 

The determination of total ketone bodies begins with the oxidation 
of the 8-hydroxybutyric acid in conjunction with the distillation 
of the acetone that is formed. The apparatus consists of a dis- 
tilling flask of 125 to 150 cc. capacity, a distilling neck, and a 
West type of condenser. The distilling flask is provided with an 


L—@ . 
Distilling apparatus, all glass, 
with a single ground ~in joint. 


= 


a, cent rifuge tube 


5, metal cup 
c, rubber stopper 
/ 


ve Scale, 1:20 \V/ 


Fig. 1. Distilling apparatus 





























inlet for the dichromate. The distillate is collected in a centrifuge 
tube, which is made by drawing the bottom of a 25 X 200 mm. 
Pyrex test-tube into a cone. For connections rubber stoppers 
may be used, as shown by the investigations of Marriott (4), but 
we prefer ground glass connections. We mount two sets of this 
apparatus on a single iron stand which has two vertical rods on a 
heavy iron base, and find it quite convenient to run three such 
pairs, 7.e. six distillations, simultaneously. Fig. 1 gives a clear 
idea of the equipment. 
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The following reagents are necessary for this operation: (1) 
sulfuric acid, 20 N solution (1 volume of concentrated sulfuric 
acid + 1 volume of water); (2) potassium dichromate, 2.5 per cent 
solution; (3) Denigés’ reagent, prepared by dissolving 60 gm. of 
pure, red mercuric oxide in 1 liter of approximately 4.5 N sulfuric 
acid. The mercuric oxide is introduced into the acid in small 
portions with vigorous agitation; (4) barium chloride, approxi- 
mately 0.3 per cent solution. 

The distillation is carried out as follows: The blood filtrate is 
introduced into the distilling flask and, if its volume is less than 
50 cc., is diluted to 50 cc. with water; 8 cc. of the 20 N sulfuric 
acid and two chips of porous pot are added, and the flask is con- 
nected with the condenser. The outlet of the condenser is im- 
mersed in 5 cc. of water in the receiving centrifuge tube. Heating 
is begun and when the fluid starts boiling, the flame is removed 
momentarily, and 2 ce. of dichromate solution, that has been in 
readiness in the side tube, are allowed to run into the flask. The 
flame is hereafter so regulated that 25 cc. of fluid should collect in 
the receiving tube in 40 minutes. The tube is now lowered to 
allow some distillate to rinse the inside of the outlet tube, while the 
outside surface is rinsed with a little water. 

Precipitation of the acetone takes place in the centrifuge tube 
that served as receiving vessel; to this end, 10 ec. of the Denigés 
reagent are added to the distillate and thoroughly mixed with it, 
and the tube is covered with a glass bulb and immersed in a boiling 
water bath. We employ for this purpose the constant level water 
bath devised for the Shaffer-Hartmann sugar determination, which 
allows the simultaneous heating of a dozen centrifuge tubes, held 
in place on a metal rack. After 100 minutes the tube is removed 
from the water bath and 1 cc. of the barium chloride solution is 
added with gentle twirling of the tube. The next step is centrif- 
ugation. The customary rubber pads in the 40 X 150 mm. trun- 
nion cups, however, provide no adequate safety for the rather 
heavy and pointed centrifuge tubes, and hence must be replaced 
by No. 6 rubber stoppers, placed with the narrower end at the 
bottom of the trunnion cup. To hold the centrifuge tube safely 
in position, a hole, about 5 mm. deep, is drilled in the center of the 
surface of the stopper. It is simple to attach the rubber stopper 
to the tip of the centrifuge tube and thus insert it in the metal cup. 
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After centrifugation the supernatant fluid is removed by suc- 
tion, a finely drawn glass tube, with an upward curve at the end, 
being used as a syphon. No washing of the precipitate is 
necessary. 

Iodometric determination of the acetone content of the precipitate 
can now be performed after decomposition of the mercury com- 
pound has been brought about. The following reagents are re- 
quired: (1) potassium iodide, 10 per cent solution; (2) sodium 
hydroxide, 2.5 n solution; (3) iodine, 0.01 N aqueous solution, 
containing 3 per cent of potassium iodide, prepared by dilution 
of a 0.1 N stock solution, which contains 30 per cent of potassium 
iodide; (4) sodium thiosulfate, 0.005 N solution, made by dilution 
of a 0.1 N stock solution; (5) starch indicator, 0.5 per cent solution 
of soluble starch (preserved with 0.25 per cent of benzoic acid); 
sulfuric acid, 2.5 N. 

The walls of the centrifuge tube are washed down with 5 cc. of 
water; then 2 ec. of the 10 per cent potassium iodide solution are 
allowed to run down the walls. The precipitate, when stirred up 
with a thin glass rod, is promptly decomposed and dissolved 
(except the finely dispersed barium sulfate). Next, 1.5 cc. of the 
2.5 N sodium hydroxide are added and well mixed with the con- 
tents of the tube. This is followed with the addition of 5 ec. of 
0.01 n iodide solution (or 10 ec., if the acetone content of the 
precipitate is more than 0.4 mg.). After mixing and 10 minutes 
standing in a beaker of water at 20-25°, 2.5 cc. of 2.5 N sulfuric 
acid, used to rinse the stirring rod which at this point is removed 
from the tube, are added. After the contents of the tube are mixed 
by gentle whirling, the free iodine is titrated with 0.005 N thio- 
sulfate. 

A blank titration is performed, with the same reagents and 
under the same conditions as in the oxidation of the unknown. 
The difference between the titration figures of the blank and of the 
unknown represents the amount of 0.005 N iodine consumed for 
the oxidation of the acetone. 

Acetoacetic acid plus acetone may be determined separately. If 
this is to be done, the distillation is started without the addition 
of dichromate and is continued for 15 minutes at a rate to yield 
about 15 cc. of distillate. The determination of the acetone is 
executed in the same manner as is described in the preceding 


paragraphs. 
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After the acetoacetic acid is distilled off, 15 cc. of water are 
introduced into the distilling flask through the side tube, and the 
8-hydroxybutyric acid is determined according to the directions 
given for total ketone bodies. 

Calculations—From the iodine consumption the amount of 
acetone is obtained on the basis that 1 cc. of 0.005 N iodine is the 
equivalent of 0.0484 mg. of acetone. If the acetone is to be ex- 
pressed in terms of §-hydroxybutyric acid, the factor 1.804 

= moles of B-hydroxybutyric acid + moles of acetone) is applied. 
For expressing the acetone in terms of acetoacetic acid, the factor 
is 1.759. Since, however, the acetone determined in this procedure 
represents only 70 per cent of the theoretical amount if it was 
derived from 8-hydroxybutyric acid (see Table IV), the amount of 
the acid corresponding to 1 cc. of iodine consumption equals 
0.0484 X 1.804 X 100/70 mg., or in contracted form, 1 cc. of 
0.005 N iodine consumed = 0.124 mg. of 6-hydroxybutyric acid. 

When diacetic acid (including its split-product, acetone) is 
separately determined, no loss during the distillation occurs; so 
that correction is to be made for only 15 per cent loss sustained 
in the process of precipitation (see Table III). Accordingly, the 
factor will be 0.0484 X 1.759 X 100/85 = 0.100; that is to say, 
1 cc. of 0.005 N iodine consumed = 0.100 mg. of acetoacetic acid 
(or 0.102 mg., if converted into B-hydroxybutyric acid). 

When only the total ketone bodies are determined, and thisis 
the case in most instances, neither of the two correction factors is 
valid, in that the loss is somewhere between 15 per cent (acetoacetic 
acid) and 30 per cent (8-hydroxybutyric acid). Since 6-hydroxy- 
butyric acid as a rule constitutes the greater part of the ketone 
bodies, we assume a composite loss of 25 per cent, and express 
the results in terms of 6-hydroxybutyric acid. On this basis the 
factor is 0.0484 X 1.804 X 100/75 = 0.116, meaning that 1 ce. 
of 0.005 w iodine consumed = 0.116 mg. of total ketone bodies, ex- 
pressed in terms of B-hydroxybutyric acid. 

The adequacy of this factor was ascertained in a series of parallel 
blood analyses, in which acetoacetic acid and 8-hydroxybutyric 
acid were determined separately in one portion of the sample, and 
the total ketone bodies in another. The results, given in Table V, 
show that the values obtained in the two different ways are in 
good agreement. 

Recovery of Ketone Bodies from Blood—To ascertain whether any 
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part of the ketone bodies is lost in the process of preparation of 
the filtrates, known amounts of acetoacetic acid and 8-hydroxy- 
butyric acid were added to blood samples in which the original 


TABLE V 
F actor for Total Ketone Bodies 





| Total ketone bodies 








Acetoacetic acid + ace- Total as sum of by single determina- 
p-hydroxy butyric acd ose | oastnepiuart nd | butpes etl ane 
mg. per cent mg. per cent mg. per cent mg. oer emt 
73.5 135.0 208.5 | 212.0 
48.5 137.0 185.5 190.0 
50.5 118.4 177.8 | 179.2 
60.4 115.8 176.2 | 177.4 
49.5 88.5 | 138.0 | 140.0 
44.4 | 92.3 136.7 | 137.6 
37.5 73.1 110.6 111.0 
66.5 34.8 | 101.3 | 108.0 
30.8 55.5 | 86.3 87.5 
16.3 13.8 30.1 31.6 
8.85 14.8 23.6 24.0 
ll 


05 15.1 15.0 


Taste VI 
Recovery of Known Amounts of Ketone Bodies Added to Blood 


ey | dnctedin | “eee | See Error 
mg. per cent mg. per cent mg. per cent per cent 

Acetoacetic 0 0.69 
acid 1.75 2.33 1.64 —§.1 
3.50 4.05 3.36 —4.0 
7.00 7.49 6.80 —3.0 

6-Hydroxy- 0 3.14 
butyric acid 0.8 3.98 0.74 —7.5 
2.0 5.22 2.08 +4.0 
4.0 7.34 4.20 +5.0 
8.0 11.42 8.28 +3.5 


ketone body content had been determined. The figures in Table 
VI show that the relatively slight discrepancies between the 
quantities added and recovered are within the limits of accuracy 
of the method and thus that none of the ketone bodies is lost dur- 
ing deproteinization and desaccharification. 
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Ketone Body Content of Normal Human Blood 


Little reliable information is available regarding the normal 
ketonemic level of man. As it was pointed out initially in this 
paper, investigators who attempted to simplify the Shaffer- 
Hubbard method found in healthy individuals up to 6 mg., an 
average of over 4 mg., of ketone bodies (in terms of 6-hydroxy- 
butyric acid) per 100 cc. of blood (12). 

We determined the total ketone bodies in the blood of sixteen 
healthy persons and found from 0.33 to 0.94 mg. per 100 cc. of 
blood, expressed as 8-hydroxybutyric acid. The average value 
was 0.5 mg. per cent (see Table VII). The extent of our data 
does not permit statistical considerations, but it fairly permits 


TaB_e VII 
Total Ketone Bodies in Normal Human Blood 


Blood ke- Blood ke- 





Subject BW Subject |. tones, oe 
ric acid | ric acid 

mg. per cent mg. per cent 
M. S., 57 yrs., M. 0.78 | A.T., 7yrs.,M. | 0.38 
T.W7.08 °* « 064 | N.D,@ “ “ | 0.44 
ck ee « eo! awe 0.50 
C.8, 2 “ F. 0.50 BRL @ * * of ee 
= Se. 0.39 3 Fe. 0.56 
P.R., 52 “ M. 0% | RM OF: 0.48 
Tr.D.90 * * 0.40 N.0O., 332 “ M. 0.47 
> St Aes 0.40 ee ee cial 0.43 


the inference that the ketonemic level of healthy individuals does 
not as a rule exceed 1 mg. per cent and is on an average about 0.5 
mg. per cent. Since it is likely that some interfering substances 
which react with the Denigés reagent may still be present, the 
true ketone body content of normal human blood may be some- 
what lower than is indicated by our figures. 

In Hubbard’s publications we have found data on five normal 
individuals, showing ketonemic levels of from 0.3 to 0.9 mg. per 
cent (calculated as B-hydroxybutyrie acid). This range is the 
same as we have found in our sixteen cases, 


Remarks 


It is hoped that the treatment of the subject of this paper clearly 
conveys our opinion that the existing methods (inclusive of the one 
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just described) for the determination of ketone bodies lack the 
desirable degree of precision. Their imperfections are due, in 
part, to the fact that the reactions involved (mainly the oxidation 
of 8-hydroxybutyric acid) are too responsive to changes in the 
experimental conditions, and perhaps to a greater extent to the 
disturbing influence of unidentified interfering substances, most 
of which are produced in the oxidation process. It may be said 
that the lower the results which one obtains with a carefully stand- 
ardized technique, the closer they are to the true values. 

So far as we can gather from a few comparative analyses, Hub- 
bard’s method, the technique of Barnes and Wick, and that of 
the present writers yield fairly similar results. But this agreement 
is not consistent and may in many instances be fortuitous; thus 
we found that in some cases, mainly at low levels of ketonemia, 
Hubbard’s method gives higher results than ours, while in clinical 
ketosis, in which the ketonemic level exceeds 50 mg. per cent, 
Hubbard’s method yields considerably lower figures than are 
obtained with our technique. This finding strengthens the as- 
sumption that interfering substances may, to a variable and 
unknown extent, distort the analytical results. Experience has 
taught us, furthermore, that a procedure that is fairly effective 
in removing interfering matter from the blood may be inadequate 
in the instance of various tissue extracts. 

These limitations of the available analytical methods must be 
keenly realized in the evaluation of experimental results concerning 
the metabolism of ketone bodies. 
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A GRAVIMETRIC METHOD FOR THE DETERMINATION 
OF CARBONYL GROUPS IN KETOSTEROIDS 


By HETTIE B. HUGHES 
(From the Institute for Medical Research, Christ Hospital, Cincinnati) 


(Received for publication, March 29, 1941) 


It has been observed! that growing cultures of certain bacteria 
react with cholic acid to form keto derivatives. In order to follow 
this reaction, it has been necessary to develop an accurate quantita- 
tive method for determining carbonyl] groups in bile acid deriva- 
tives. Numerous methods for determining ketones have been 
described heretofore, but, with the exception of the methods of 
Anchel and Schoenheimer (1), Iddles, Low, Rosen, and Hart (2), 
and Gustus (3), their use has been limited to water-soluble carbonyl 
compounds. As to the latter methods, those of Anchel and Iddles 
require somewhat larger amounts of material than are available 
to us, whereas that of Gustus has not yet been published in detail. 

The method to be described here is based on the qualitative 
test for ketones described by Girard and Sandulesco (4), and 
permits the accurate determination of carbonyl groups in small 
quantities of water-insoluble carbonyl compounds. It gives ex- 
cellent results in the analysis of dehydrodesoxycholic and dehydro- 
cholic acids, two keto derivatives of the bile acids encountered in 
the study mentioned above. Equally good results are obtained 
with other ketosteroids such as cholestanone, cholestenone, estrone, 
and progesterone.” 


EXPERIMENTAL 
Method 


Briefly, the principle of the method is as follows: The carbonyl 
group or groups of the ketosteroid react with Girard’s Reagent T 


1 Schmidt, L. H., and Hughes, H. B., unpublished experiments. 

? We are indebted to Dr. Rudolf Schoenheimer, College of Physicians 
and Surgeons, Columbia University, for the cholestanone and cholestenone 
used in this study, and to Dr. Marvin Kuizenga of The Upjohn Company, 
Kalamazoo, Michigan, for the estrone and progesterone. 
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(trimethylacethydrazide ammonium chloride) to form a water- 
soluble steroid hydrazone. This hydrazone reacts with mercuric 
iodide to form a highly insoluble mercuric iodide salt which is 
filtered off, washed, and dried to constant weight. Although the 
exact composition of the mercuric iodide hydrazone is not known, 
our data indicate that the following equations represent the chemi- 
cal reactions involved. 


(1) R—(C=0O), + a —NH—CO—CH; - | ~~ 








Cl 
R- ==N—NH—CO—CH;- —N==(CHs3)s + nH.O 
| i 
(2) R— C=N—NH—CO—CH:—N==(CHs); + nHgl: — 
i | 
R C=N—NH—CO—CH:—N==(CHs)s- Hgls 
| ‘yeeeeeey 


in which n = the number of carbonyl groups, R = the steroid 
molecule minus the carbonyl groups. 

It is apparent from these equations that the weight of the 
mercuric iodide hydrazone isolated will be at least several times 
that of the steroid being analyzed. 

In Table I are shown the calculated molecular weights of the 
mercuric iodide hydrazones of the ketosteroids used in this study, 
and the ratios of these weights to those of the ketosteroids. Even 
when the steroid contains a single carbonyl group, as does choles- 
tanone, the weight of the hydrazone is 2.559 times that of the 
steroid. When three carbonyl groups are present, as in dehydro- 
cholic acid, the weight of the hydrazone is 5.503 times that of the 
steroid. 


Reagents 
1. Absolute alcohol-acetic acid mixture, prepared by diluting 


10 cc. of glacial acetic acid to 100 cc. with absolute ethyl alcohol. 
This acid alcohol should be prepared on the day of use. 

2. 1.0 n sodium hydroxide. 

3. 10 per cent acetic acid. 
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4. Girard’s Reagent T, trimethylacethydrazide ammonium 
chloride. 

5. Brom-thymol blue indicator, 0.04 per cent aqueous solution. 

6. Mercuric iodide solution, 10 gm. of mercuric iodide and 20 
gm. of potassium iodide made up to 1000 cc. with distilled water. 


Procedure 


10 to 30 mg. of the pure ketosteroid, or a quantity of thoroughly 
dehydrated unknown material estimated to contain that amount, 
are placed in a 50 or 100 cc. round bottom flask, together with 
0.8 gm. of Girard’s Reagent T and exactly 20 cc. of acetic acid- 


TABLE I 


Comparison of Molecular Weights of Ketosteroids with Those of Mercuric 
Iodide Hydrazone Derivatives 























i margucte 
No. of Mol. wt. of | &% ™& 
Ketosteroid emong! | betesterold + ..-2 Gt) 
ketosteroid derivative 
(1) (2) 
Dehydrodesoxycholic acid... .. 2 388.3 1596.1 4.110 
Dehydrocholic acid............ 3 402.3 2213.9 5.503 
Cholestanone... 1 387.3 991.2 2.559 
Cholestenone 1 385.3 989 .2 2.568 
Estrone..... 1 270.2 874.1 3.235 
Er re 2 314.2 1522.0 4.844 





alcohol mixture. This flask, fitted with a reflux condenser to 
which is attached a drying tube filled with drierite, is heated on the 
steam bath for 2.5 to 3 hours. Meanwhile the quantity of 1.0 N 
sodium hydroxide required to bring 20 cc. of the acetic acid-alcohol 
mixture to a pH between 6.5 and 7.0 is determined, with brom- 
thymol blue as indicator. This volume of alkali is added to a 250 
ec. Erlenmeyer flask, containing 30 cc. of iced distilled water, and 
approximately 5 cc. of the resulting alkaline solution are trans- 
ferred to a small beaker to be used for rinsing the reaction flask. 

At the end of the reflux period the contents of the reaction flask 
are transferred quantitatively to the Erlenmeyer flask containing 
the bulk of the alkali, the reaction flask being rinsed first with the 
reserve alkali in the beaker and then with successive portions of 
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cold distilled water so as to bring the final volume in the Erlen- 
meyer flask to approximately 100 ce. Then 15 ce. of mercuric 
iodide solution are added and mixed thoroughly, after which 1.5 ce. 
of 10 per cent acetic acid are added to complete precipitation of 
the mercuric iodide hydrazone salt. This precipitate is collected 
quantitatively in a tared crucible (Selas filter crucible, 0.01 
porosity), washed with three 5 cc. portions of cold distilled water, 
and sucked dry; the crucible and contents are then dried at 104° 
to constant weight. The quantity of ketosteroid present is 
calculated by dividing the weight of the precipitate by the ratio of 
the molecular weight of the mercuric iodide hydrazone to that of 
the ketosteroid being analyzed (cf. Table I). 

For satisfactory results, two precautions must be observed. 
First, the reaction mixture must be kept free of moisture during 
refluxing; otherwise the formation of the hydrazone does not go to 
completion. This is accomplished by attaching the drying tube, 
filled with drierite, to the top of the reflux condenser. Secondly, 
the acetic acid in the reaction mixture and the alkali in the Erlen- 
meyer flask must be measured very carefully, so that the final pH 
of the steroid hydrazone solution will be not less than 6.5, nor more 
than 7.0. If more alkaline, the hydrazone precipitates; if more 
acid, hydrolysis occurs—the greater the acidity the more rapid the 
hydrolysis. In either event, low results are obtained. 


Results 


In Table II are shown the results obtained when the above 
method was applied to the analysis of highly purified ketosteroids. 
In the analyses of dehydrodesoxycholic and dehydrocholic acids, 
the weights of the mercuric iodide hydrazones isolated varied from 
96.9 to 98.4 per cent of the calculated theoretical weights. Even 
closer agreement with theoretical values was obtained in the 
analysis of the other ketosteroids, cholestanone, estrone, choles- 
tenone, and progesterone. 

The applicability of this method to our study of the bacterial 
decomposition of cholic acid was tested by determining the re- 
covery of dehydrodesoxycholic acid added to bacteriological media. 

* The mercuric iodide salt of the hydrazone formed from cholestenone 


was dried to constant weight at 80°, because decomposition seemed to occur 
at higher temperatures. 
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Varying amounts of the sodium salt of this bile acid were added to 
100 cc. portions of the synthetic medium of Sahyun, Beard, 
Schultz, Snow, and Cross (5). This volume of media, diluted 























TaBLe II 
Recovery of Ketosteroids 
, Weight of mercuric iodide 
Ketosteroid | Wecastorcid peranris thecretionl 
analyzed re on Fy ~ ee ‘| recovered 
Theoretical Found 
mg mg. mg. 
Dehydrodesoxycholic acid, 7 110.9 | 107.5 96.9 
m.p. 188° a (| 109.0 98.3 
40 164.4 | 161.8 98 .4 
40 | 160.7 97.8 
Dehydrocholic acid, m.p. 237° 27 =| =s«148.6 144.2 97.0 
27 | | 144.5 97.2 
Cholestanone, m.p. 128° 42.5 109.8 | 109.7 99.9 
Cholestenone, m.p. 84° | 45 | 115.6 | 115.5 99.9 
35 89.9 | 91.4 101.7 
Estrone, m.p. 252° 18 58.3 58.2 99.9 
20.2 | 65.4 65.4 | 100.0 
Progesterone, m.p. 125° 18 87.2 85.7 98.3 
24.6 119.1 120.5 101.2 
Tas_e III 
Recovery of Dehydrodesorycholic Acid from Synthetic Media 
Depododenes : Weight of mercuric iodide _—o Per cent of theoreti- 
synthetic media Theoretical Found 
mg. mg. mg. 
22.4 92.1 91.8 99.7 
22.4 92.1 91.6 99.5 
22.4 92.1 91.5 99.3 
24.0 | 98.6 | 95.4 96.6 
24.0 98 .6 95.4 96 .6 
28.0 115.1 113.0 98 .2 
None (control) | 0 | 0 0 


with 1.5 volumes of 95 per cent ethyl alcohol, was evaporated to 
dryness. The residue was extracted with six 15 cc. portions of 
boiling chloroform. These extracts were transferred to a 100 
ec. round bottom flask and the solvent distilled off. The residue 
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in the flask was dried at 104° for 1 hour, and then treated with 
Girard’s reagent as described above. The results summarized in 
Table III show that 96.6 to 99.7 per cent of the added dehydro- 
desoxycholic acid could be recovered. 


Remarks 


The method described here has proved exceedingly useful in 
our study of the production of keto derivatives of cholic acid,! 
the results of which will be reported later. It should be equally 
applicable to studies on the action of bacteria on androgenic 
steroids, such studies, for example, as those of Mamoli and co- 
workers (6, 7). In addition, it should be of value in determining 
the number of carbonyl groups in newly isolated ketosteroids. 

It may be pointed out that the method could be adapted to the 
determination of sex hormones containing carbonyl groups. Either 
a microgravimetric procedure could be used or the mercury in 
the mercuric iodide hydrazone could be determined spectrophoto- 


metrically or colorimetrically. 


SUMMARY 


A method for the quantitative determination of carbonyl groups 
in ketosteroids has been developed, based on Girard’s qualitative 
reaction for ketones. This method gave values for the carbony] 
groups in dehydrodesoxycholic and dehydrocholic acids, choles- 
tanone, cholestenone, estrone, and progesterone that varied from 
96.9 to 101.7 per cent of theoretical values. When applied to the 
analysis of dehydrodesoxycholic acid in bacteriological media, 
96.6 to 99.7 per cent of the added material could be recovered. 
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THE LIPOTROPIC ACTION OF SOME SULFUR-CON- 
TAINING AMINO ACIDS AND RELATED 
SUBSTANCES 


By SAM A. SINGAL anp H, C. ECKSTEIN 


(From the Department of Biological Chemistry, Medical School, University of 
Michigan, Ann Arbor) 


(Received for publication, March 31, 1941) 


The recent demonstration by du Vigneaud et al. (1) that the 
methyl group of methionine can probably be transferred to some 
unknown intermediate with the subsequent formation of choline 
suggests that the lipotropic action of the amino acid may be as- 
cribed to this transference. Our demonstration (2) that homo- 
cystine, like cystine and cysteine, causes an accumulation of 
additional “‘fat”’ in the liver further suggests that the methyl group 
is essential for the lipotropic activity of methionine. The question 
whether other derivatives of the sulfur-containing amino acids 
influence the level of liver fat naturally arises. A preliminary 
report of our findings with some of these has been made (3). Re- 
lated compounds have now been examined for lipotropic activity 
and the results are included in this paper. 

Our observation that the white mouse can be successfully used 
to demonstrate the lipotropic action of methionine (2) has led us 
to continue the use of this animal. Mice weighing approximately 
15 to 20 gm. were kept in individual cages, which permitted the 
recording of daily food intake and changes in body weight. All 
animals were maintained for a 3 day preliminary period on a diet 
consisting of 20 per cent casein, 25 per cent glucose, 40 per cent 
lard, 3 per cent cod liver oil, 5 per cent salt mixture (4), 5 per cent 
brewers’ yeast, and 2 per cent agar. They were then divided 
into groups in such a manner as to be equally distributed so far as 
possible according to weight. The control diet contained 5 per 
cent salt mixture (4), 5 per cent brewers’ yeast, 2 per cent agar, 3 
per cent cod liver oil, 40 per cent lard, 40 per cent glucose, and 5 
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per cent arachin. Arachin was chosen because of its low me- 
thionine content (0.54 per cent (5)). All of the compounds studied 
were prepared by standard methods and their purity was demon- 
strated by analysis. These supplements, all of which replaced an 
equivalent amount of glucose in the control diet, are listed in 
Table I. At the end of the experimental periods (15 to 17 days) 
the animals were asphyxiated with illuminating gas. The heads 
were then severed and the livers excised, weighed, frozen in solid 
carbon dioxide, and dried to constant weight in a vacuum oven 
at 55°. The total lipids were determined in the manner previously 
described (6). 

Table I contains most of the data obtained. Food intakes and 
changes in body weight are not included, since none of the ob- 
served variations in liver lipid content can be ascribed to either 
of these factors. Before the effects of the various supplements are 
discussed, it should be pointed out that appreciable differences 
exist between the ‘‘fat’’ content of the livers of the different groups 
of animals on the same diet. Thus the average total lipid content 
of the livers of the mice on the unsupplemented diet was 17.4 
per cent in Group C and 34.7 per cent in Group G. The corre- 
sponding values for methionine were 9 per cent for Group D and 
22.7 per cent for Group H. It is quite obvious that in studying the 
influence of the different supplements each group must be con- 
sidered by itself. 

The data on Group C demonstrate conclusively that the betaine 
of cystine in contrast to cystine exhibits lipotropic activity. In 
this respect this derivative behaves like betaine (7) and the betaine 
of alanine (8), but not like the corresponding derivatives of serine, 
threonine, and allothreonine (9). It is apparent that the betaine 
structure is not in itself sufficient for the production of a compound 
having lipotropic action. In the light of du Vigneaud’s investiga- 
tion on the transfer of the methyl group of methionine to choline 
(1), it would seem by analogy that the betaines of glycine, alanine, 
and cystine might likewise contribute their methyl groups for 
choline synthesis. If this is the case, it should follow from the 
demonstration of the inactivity of the betaines of serine, threonine, 
and allothreonine that the ease whereby the individual amino 
acids are demethylated must vary considerably. In the case of 
Group D in which the betaine of cystine was fed at various levels 
it was demonstrated that no lipotropic action occurred below the 
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Influence of Amino Acids and Derivatives of Amino Acids on Average Total 


Lipid Content of Livers of Mice 


The letters and numbers in the first column refer to the groups of animals 


and experimental diets respectively. 


for the individual animals. 


Group 
and 


diet No. 


K-12 


B-15 


F-1 


Supplement 


None 

Cystine 
Methionine 
Cystine betaine 
None 
Methionine 


Cystine betaine 


None 
Methionine 
Pentocystine 
Hexocystine 
Cystine betaine 
S-Ethylceysteine 
None 
Pentocystine 


Hexocystine 


The values in parentheses are ranges 





























| Total lipids 


per cent 
17.4 
(14.9-20.3) 
34.5 
(31 .2-37.1) 
10.2 
(7.1-17.7) 
11.2 
(6.6-15.4) 
21.5 
(21.1-21.9) 
9.0 
(7.3-10.8) 
20.5 
(14.8-23.8) 
20.6 
(15.5-26.8) 
10.3 
(8.4-13.1) 
23.4 
(11.1-29.8) 
10.8 
(7.3-17.8) 
21.7 
(17.4-29.7) 
23.7 
(15.5-29.0) 
10.0 
(5.4-17.0) 
14.2 
(11.0-21.6) 
30.2 
(24.4-42.5) 
30.0 
(20.6-39.0) 
30.4 


(20.0-37.5) 
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TaBLe I—Continued 





























Group No. Fresh liver 
an Supplement |. ee 
diet No. mals Weight | Total lipids 
per cent gm. | per cent 
G-l None | 5 16 | 34.7 
(1.1-2.1) (31.6-38 .6) 
G-3 Cystine (0.43) 5 2.1 42.3 
(1.5-2.5) (36.9-45.8) 
G-15 S-Ethyleysteine 0.64) 5 1.1 32.6 
(0.8-1.5) (27 .9-38.8) 
G-13 Cystine disulfoxide 0.50) 5 2.1 44.5 
(1.9-2.5) (42.448 .4) 
H-1 None 5 1.3 33.2 
(1.1-1.6) | (27.0-43.3) 
H-3 Cystine 0.43 | 5 2.4 41.3 
(2.1-2.7) | (33.9-46.9) 
H-5 Methionine 0.64] 5 1.4 22.7 
(1.1-1.7) | (19.8-26.8) 
H-13 Cystine disulfoxide 0.50; 5 1.8 42.4 
(1.7-2.3) (38 .6—48 .4) 
H-14 Methionine sulfoxide 0.71 5 1.4 | 18.0 
(1.1-2.1) | (5.0-27 .6) 
H-15 S-Ethyleysteine 0.64) 5 1.3 28.0 
(1.0-1.8) | (15.8-34.4) 
I-l None 4 1.5 32.5 
(1.1-1.9) | (16.7-45.8) 
I-5 Methionine 0.64) 7 wa 15.0 
(1.0-2.9) | (8.6-21.4) 
I-14 Methionine sulfoxide | 0.71 | 7 1.4 | 16.5 
(0.8-1.2) | (6.8-18.4) 
J-1 None 5 1.3 26.4 
(1.1-1.7) (16.4-32.6) 
J-5 Methionine | 0.64} 4 1.0 12.1 
| (0.9-1.1) | (9.9-16.3) 
J-18 S-Methyleysteine 0.43 | 5 0.8 23.5 
| (0.7-1.0) (15.4-36.2) 
J-19 8S-Propylcysteine | 0.70) 5 1.3 24.7 
| (1.1-1.7) | (15.4-35.2) 
J-20 S-Isopropylcysteine /0.70| 4 1.0 22.2 
| | (0.9-1.1) | (16.3-25.5) 
J-13 Methionine sulfoxide 0.70; 4 0.9 10.4 
(0.8-1.2) | (6.8-18.4) 
K-l None 5 1.9 33.3 
(0.9-2.9) | (25.1-38.1) 
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TaBLe I—Concluded 














Group No. Fresh liver 
and Supplement of ani- 
diet No. mals Weight Total lipids 
| per cent gm. per cent 
K-3 Cystine 0.43 5 2.3 40.6 
(1.8-2.9) | (37.0-43.5) 
K-18 S-Methylcysteine 0.53 | 5 1.2 31.2 
(0.8-1.7) | (25.5-38.1) 
K-19 S-Propylcysteine 0.70 | 5 1.6 29.5 
(0.9-1.9) | (25.5-36.2) 
K-21 Dithiodiglycolic acid 0.38 | 5 0.7 15.3 
(0.6-0.8) | (12.2-21.1) 
L-1l None 6 0.9 25.1 
(0.7-1.3) | (17.2-31.3) 
L-21 Dithiodiglycolic acid 0.38 | 5 0.7 13.5 
(0.4-0.9) (9.3-18.4) 
L-23 dl-Valine 1.00; 5 1.1 24.3 
(0.7-1.7) | (16.4-31.4) 
L-24 dl-Leucine 1.12} 5 1.0 24.3 
(0.6-1.5) | (17.2-31.4) 
L-25 dl-Isoleucine 1.12] 5 1.3 27.0 
(1.1-1.6) | (19.3-32.0) 
M-1 None 5 1.3 23.4 
(0.8-2.0) | (15.2-33.2) 
M-15 S-Ethylcysteine 0.64) 5 1.1 20.7 
(0.8-1.3) | (15.9-26.6) 
M-16 Cysteiec acid 0.70; 5 1.2 24.0 
(0.9-1.6) | (18.2-28.9) 
M-17 Djenkolic acid 0.53 | 5 1.0 21.1 
(0.8-1.3) | (16.4-25.5) 
M-19 S-Propylcysteine 0.70) 5 1.0 19.9 
(0.8-1.1) | (15.7-25.4) 




















0.5 per cent level. In this respect these observations coincide 
with those of Channon et al. (10) who report that methionine is 
likewise inactive at such low concentrations. 

The data further show that S-ethyleysteine does not behave like 
cystine or cysteine; in fact it closely resembles methionine in its 
action upon liver “fat.’’ The average total liver lipid content of 
the four groups of mice receiving this S-ethyl compound was 78 
per cent of the amount found in the livers of the control animals. 
The corresponding value for methionine was 56 per cent and for 
cystine 123 per cent. The data for Groups J, K, and M indicate 
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that the S-methyl, S-propyl, and S-isopropy] derivatives likewise 
differ from cystine with regard to fatty livers. Channon and co- 
workers have reported that the S-methyl compound is without 
influence on the total lipid content of the livers of rats on low 
protein-high fat diets (11). Although the similarity between the 
effects of these supplements and that of methionine is not as pro- 
nounced as that observed for the S-ethyl compound, nevertheless 
the average value for the liver lipids of the mice on the diets sup- 
plemented with these other S-alkyl compounds is somewhat lower 
than that found for the control animals. It is clear that the 
replacement of the hydrogen atom of the sulfhydryl group of 
cysteine with these alkyl radicals has changed the compound from 
one causing an additional mobilization of “fat’’ to the livers of 
mice into derivatives having slight to moderate lipotropic actions. 
In this connection reference should be made to the observations 
that triethy]-8-hydroxyethylammonium hydroxide has a lipotropic 
action equivalent to 70 per cent of that found for choline (12) and 
that the corresponding propyl compound was practically inactive 
(13). While the effect of S-ethyleysteine might be ascribed to a 
transfer of the ethyl group to an intermediate with the subsequent 
formation of the triethyl compound mentioned above, the fact 
that S-methyleysteine was found to be less active than S-ethyl- 
cysteine makes such an explanation seem unlikely. 

When cystine is oxidized to the disulfoxide stage, it still can 
cause an increase in the total lipid content of the liver, and, when 
methionine is transformed into the sulfoxide, it retains its lipo- 
tropic activity. This is clearly demonstrated in the experiments 
with Groups G and H. On theother hand, when the oxidation of 
cystine is carried further, as in the case of cysteic acid, no effect on 
liver fat is demonstrable. This ineffectiveness is quite evident 
from the data shown for Group M. The experiments with Groups 
E and F are concerned with the effects of lengthening the carbon 
chain. As has already been stated, homocystine behaves like 
cystine. In contrast to this it is evident from the data referred to 
above that when the chain is lengthened by 2 or 3 carbon atoms, 
as in the case of pento- and hexocystine,' the influence upon liver 
“fat”’ content is lost. 


1 The pento- and hexocystine were kindly supplied by Professor V. du 
Vigneaud of Cornell University. 
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Of the remaining compounds investigated djenkolic acid, dl- 
valine, di-leucine, and dl-isoleucine were inert so far as the phe- 
nomenon of fatty livers is concerned. The first of these is a 
naturally occurring amino acid, while the last three seemed of 
interest because of the presence of the forked chain in their mole- 
cule. Dithiodiglycolic acid, however, resembled methionine in 
its lipotropic activity. This was indeed surprising, for, although 
the lipotropic action of the other compounds examined herein may 
plausibly be ascribed to a removal of alkyl radicals, the behavior 
of dithiodiglycolic acid cannot be explained on this basis unless 
this acid should be decarboxylated, thus giving rise to a methylated 
compound. 


SUMMARY 


1. Cystine betaine, methionine sulfoxide, and dithiodiglycolic 
acid exhibit lipotropic activities when added to the low protein- 
high fat diet of the white mouse. 

2. Cysteine loses its effect upon liver ‘fat’? when alkylated with 
the methyl, ethyl, propyl, or isopropyl radical. These derivatives 
behave more like methionine than cysteine in their relation to the 
dietary production of fatty livers. 

3. Cystine disulfoxide behaves like cystine in its action upon 
liver ‘‘fat,’’ whereas cysteic acid has no influence thereon. Pento- 
cystine, hexocystine, djenkolic acid, dl-valine, dl-leucine, and 
dl-isoleucine are likewise inert in this respect. 
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In previous communications from this laboratory (1, 2) it was 
concluded that the fat content of the diet is intimately associated 
with the synthesis of cholesterol in the young white rat. This view 
was based on the observation that the difference between the fecal 
and dietary sterols was greater on adequate diets containing 28 
per cent fat than when the fat content of the diet was only 6 per 
cent. Although the work presented herein is in one respect a 
repetition of the previous studies in that the influence of the level 
of the dietary fat on sterol balance was again determined, the 
investigation was made more comprehensive in that it was carried 
out through four generations, all originating from one group of 
animals. In the case of some of the females separate balances 
were made during the different phases of the reproductive cycle. 
The free and total cholesterol of the whole blood and serum as 
well as the neutral fat, total phospholipids, and sterols in the 
livers was also determined. 

As a result of this present study it was concluded that, although 
larger amounts of sterols were synthesized when the fat content of 
the diets was increased from 6 to 28 per cent, this was not reflected 
in the blood, inasmuch as no differences were observed between 
the free or total cholesterol contents of the whole blood or serum 
of the animals on the two types of diets. The neutral fat, phos- 
pholipid, and cholesterol contents of the livers were likewise not 
influenced by the level of fat in the diets. 

The following is a description of the experimental procedure em- 
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ployed. Fifteen young white rats (litter mates, age 50 days) 
were divided as equally as possible with respect to sex into two 
groups and placed on the diets described in Table I. One group 
(A) was given the diet containing 6 per cent fat (Diet 3) and the 
other group (B) the 28 per cent fat diet (Diet 1). Three genera- 
tions were obtained from these original two groups, first matings 
being made when the animals were approximately 100 days old. 
All descendants of Group A were maintained on the low fat diet, 
whereas the offspring from Group B were kept on the ration con- 
taining the 28 per cent of fat. In view of the smaller caloric 


TaBLe I 
Composition of Diets 

All diets were supplemented daily with 2 dry yeast tablets, 2 drops each 
of a vitamin A and a vitamin B concentrate every other day, and 1 drop of 
wheat germ oil on alternate days. During gestation and lactation 15 per 
cent of the starch was replaced in all diets with dried brewers’ yeast that 
had been thoroughly extracted with ethyl ether. The intake of vitamins A, 
D, and E was 3.5 times as great during these two periods as in the others. 














Diett | Diet2 | Diets | Diet4 

per cent per cent per cent per cent 
i ai nn ci 30.5 18 27 18 
Salt mixture*.........., 4.0 4 { 4 
Agar... 4.0 4 j 4 
Dot cee eet 33.5 46 59 68 
PEs. Kins. ws 28.0 28 6 6 





* Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 37, 572 (1919). 


content it was anticipated that the food intake of the rats on Diet 
3 would be greater than that of the animals on the high fat Diet 1. 
For this reason the protein content of Diet 3 was made lower than 
that of Diet 1 in order that the protein intakes of the rats on both 
diets should be approximately the same. A subsequent study of 
the food intakes showed this to be the case. Some of the animals 
in the third and fourth generations were placed on Diets 2 and 4 
which differed from the other two in that the protein contents were 
lowered to 18 per cent. This change was made in order to ascer- 
tain whether the high protein content of Diet 1 might have in- 
fluenced the cholesterol values. It was believed that all four diets 
would be adequate for growth, gestation, and lactation. Pre- 
liminary experiments, however, showed that, although good growth 
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and gestation could be secured, the mothers did not suckle their 
young. Out of approximately 150 young born to mothers on these 
diets only two were successfully weaned, the rest dying of starva- 
tion within 4 or 5 days after birth. However, when 10 gm. of 
fresh beef liver were included in the daily diet of the mothers, 
healthy young were obtained at weaning time. This liver was 
analyzed for total lipid, cholesterol, and protein (N X 6.25) and 
these were taken into account in calculation of the sterol balances 
and food intakes. The sterol content of the dietary fat, dietary 
accessories, feces, and remaining tissues was determined gravi- 
metrically by the digitonin method (3). Samples of whole blood 
were taken from the tail, whereas blood required for serum analyses 
was obtained from the heart during light chloroform anesthesia. 
In both cases the blood was taken after an 18 hour fast. The free 
and total cholesterol was determined photometrically according to 
the Schoenheimer and Sperry procedure (4). The rats were kept 
in individual cages, food intake and changes in body weight were 
recorded, and collection of feces made. In the case of the males 
and some of the females the feces were collected as a single sample. 
Samples during pregestation, gestation, lactation, and postlacta- 
tion were obtained from the rest of the females. The various 
phases of the estrual cycle were differentiated from each other by 
means of the vaginal smear method (5). The method of treatment 
for the feces, dietary constituents, and remaining tissues prior to 
sterol analysis has already been described elsewhere (1). The 
procedure for obtaining the liver lipids has also been previously 
described (6). The dry total lipids of the liver were redissolved in 
petroleum ether (b.p. 30-60°) and diluted to a definite volume with 
that solvent. The aliquots for free and total cholesterol were 
transferred to centrifuge tubes and the solvent removed by im- 
mersing the containers in a water bath. The residue was dis- 
solved in a mixture of anhydrous acetone and absolute alcohol 
(1:1) and the analysis was completed by the Schoenheimer and 
Sperry procedure. Aliquots for phospholipids were evaporated to 
dryness and oxidized with 10 n sulfuric acid and 30 per cent hy- 
drogen peroxide (superoxol). The phosphorus was then deter- 
mined colorimetrically by the Fiske and Subbarow method (7). 
Neutral fat was calculated from the difference between the total 
lipids and the sum of the phospholipids and cholesterol. 

Most of the data are summarized in Tables II to V. The 
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TaBie II 


Distribution of Cholesterol in Whole Blood and Serum of Rats Fed High and 
Low Fat Diets 
All values are expressed as mg. per 100 cc. The figures in parentheses 
show the ranges of the values for the individual rats. The first number in 
the first column refers to the generation and the second one to the number 
of the diet. 









































Cholesterol 
pay om5 po fl Whole blood Sere ‘ 
diet No. os ee 
Total Free | ater | Total Free Ester 
a. TEs Bee Pin! 
1-1 5 103 SC) big: doe bm fe 
(90-114) (85-99) | (3-18) | (47-79) | (13-23) | (24-60) 
2-1 | 10 99 8 | 4 | S51 11 40 
(89-116)| (77-101)! (9-20) | (41-59) | (8-14) | (31-45) 
3-1 6 102 % | 18 | 67 21 47 
(84-121)| (70-100)| (14-24) | (53-83) | (17-26) | (31-59) 
4-1 4 100 s1 | 19 | 107 | @ | 8 
(94-110)| (78-84) | (15-28) | (82-127)| (14-24) | (31-93) 
32 | 5 wis | a 71 18 53 
(94-122)} (80-90) | (13-29) | (47-100)| (11-22) | (36-78) 
4-2 | 5 100 -  uotlhlathmttle 62 
| (85-111)| (70-91) | (14-27) | (65-105) (12-38) | (40-86) 
Average ...... 102 85 18 72 | 19 | 53 
1-3 5 114 96 19 66 | 17 50 
(96-127)| (90-99) | (7-29) | (54-76) | (14-20) | (40-57) 
2-3 | 10 102 8 | 17 68 16 52 
(95-107), (79-89) | (13-21) | (50-87) (13-21) | (38-69) 
3-3 5 | 107 | 9 16 | 67 22 46 
| (@1-113)| (77-107)! (11-19) | (32-87) | (10-24) | (22-63) 
4-3 4 119 | 103 16 | 8 17 41 
| (111-125)} (97-107)| (13-19) | (52-68) | (15-21) | (32-52) 
3-4 5 105 | 8 20 | 66 21 45 
(96-109)| (75-93) | (14-24) | (57-75) | (16-33) | (23-55) 
4-4 3 110 86 20 57 17 40 
(100-122)} (74-100) (16-23) | (47-65) | (11-22) | (26-47) 
Average ...... 108 88 19 65 19 46 
Average, all 
diets........ 105 87 18 68 18 49 








records on growth have not been included, since no significant dif- 
ferences were observed in this respect in the animals on the 
different diets. 
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Distribution of Lipids in Livers of Rats Fed High and Low Fat Diets 
The figures in parentheses show the 


All values are expressed as per cent. 
ranges of the values for the individual rats. The first number in the first 
column refers to the generation and the second one to the number of the diet. 





| 
| 


eneration 
and diet No. 





| G 


z 
— 
on | No. of animals 








10 


3-1 | 6 | 


| 4 


3-2 | 5 


4-2 | 5 


Average 





| 
| 
| 
| 
= 
be 
6 
3 
3-4) 5 


4-4 4 | 


Average. | 
Average, 
all 























Cholesterol 
Total Phospho- | Neutral 
lipids lipids fat 
Total Free Ester 
2.0 0.19 0.14 0.10 
(3. nerd 4)| (2. of 1)! (1.0-3.1)| (0. 16-0.20)] (0. 11-0. 18)| (0.06-0.11) 
7.0 4.0 2.7 0.30 0.22 0.13 
'(5.4-8.9)| (3.2-4.5)| (1.7-4.9)/ (0.19-0.37)) (0. 16-0. 28)| (0.06-0. 28) 
7.2 3.9 2.9 0.36 0.23 0.19 
(5.3-6.7)| (2.8-4.4)| (1.9-4.0)/ (0.27-0.42)/ (0.19-0.30)] (0. 14-0. 23) 
7.2 4.3 2.5 0.37 0.27 0.15 
|(6.5-8.7) (3.7-4.9)) (1.9-3.4)| (0.35-0.40)| (0.23-0.31)| (0.12-0.16) 
8.0 4.5 2.9 0.47 0.27 0.33 
(6.3-9. 3)| (3. 5-5.0)| (2.2-3.7)| (0.41-0.54)| (0.25-0.29)| (0.25-0.45) 
76 | 4.5 2.7 0.45 0.26 0.33 
(6. 9-9. ).5) (3.8-4. 8) (2.0-3.1) (0.38-0.51)| (0.25-0.28)| (0.22-0.46) 
4.2 2.7 0.40 0.24 0.17 
3.6 2.5 0.24 0.17 0.12 
(5. : r] a (2.7-4.6)| (1.7-4.2)| (0.21-0.29)| (0.14-0.20)/ (0.08-0.21) 
6.9 | 3.8 2.8 0.26 0.18 0.13 
|(5.2-8.5)|(2.9-4.5)| (1.1-3.7)| (0.16-0.33)| (0.13-0.25)] (0.05-0.27) 
6.0 3.6 2.2 0.29 0.21 0.13 
(5.4-6.5)|(3.0-4.0)] (1.7-3.0)} (0.25-0.36)| (0.17-0.23)} (0.09-0.23) 
5.0 | 3.0 1.5 0.35 0.29 0.11 
(4.6-5.5)| (2.9-3.2)| (1.2-1.9)| (0.34-0.36)] (0.26-0.32)| (0.06-0.15) 
| 7.3 3.5 3.1 0.29 0.20 0.14 
(5.8-9.4)| (3.2-3.8)| (2.3-4.2)| (0.23-0.34)| (0.16-0.25)/ (0.12-0.17) 
4.9 2.7 2.0 0.32 0.28 0.08 
(4. 6-5.5)| (2.5-2.9)| (1.6-2.6)| (0.28-0.35)| (0.22-0.31)| (0.05-0. 11) 
6.3 3.5 2.5 0.28 0.22 0.12 
6.7 3.9 2.6 0.35 0.23 0.15 


diets .. | 




















Table II summarizes the data on the whole blood and serum. 
It is clear from these data that under the conditions obtaining 
in this study neither the fat nor the protein content of the diets 
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influenced the fasting level of the different cholesterol fractions 
of the whole blood or serum. These data become all the more 


TaBLe IV 
Sterol Balances of Rats Fed High and Low Fat Diets 
These balances, which are all negative, represent the differences between 
the dietary and fecal sterols and are expressed as mg. perday. The figures 
in parentheses show the ranges of the values for the individual rats. The 
first number in the first column refers to the generation and the second one 
to the number of the diet. 








Out Males Females 
tion and To. : . 
Samet Se | dies” Daily balance | No.of | Dayson Daily balance 
1 | 2 134 95 | 1 134 1.7 
(9.1- 9.8) | 
2-1 6 144 | 11.6 | 3 122 7.4 
(8.8-19.6) | |  (4.7-10.5) 
3-1 3 199 10.6 } 1 147 7.1 
(7.9-13.5) | 
4-1 2 126 | 9.5 2 | 12% 5.0 
| (8.2-10.7) | | (4.4 5.6) 
3-2 2 119 | 11.7 } 2 | I | 11.0 
(9.0-14.0) | | 
4-2 3 143 9.2 2 | 123 10.3 
| (8.2-10.5) | | (10.0-10.5) 
1-3 3 134 7.8 | | | 
| (6.48.7) | 
2-3 3 121 | 5.4 1 cl 4.4 
| (5.1- 5.8) | | (2.4 6.5) 
3-3 4 | 158 5.3 
| | (4.1- 6.0) | 
1-3 3 9 | 5.5 
(4.9- 5.9) 
3-4 3 93 4.2 2 93 3.9 
(2.6— 4.8) (3.2-— 4.6) 
4-4 3 120 4.8 1 99 5.2 
(3.7- 6.1) 
Average, high fatdiets . 10.5 8.2 
- —- * 5.2 4.4 


significant when it is considered that the experiments were carried 
out through four generations. No significant differences were 
observed between the sexes and hence no differentiation was made 
in this respect in summarizing these data. 
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The data on the livers (Table III), as in the case of the blood, 
showed no differences with regard to sex and hence the animals 
were merely grouped with respect to diet. It is at once clear from 
Table III that the increase in the dietary fat from 6 to 28 per cent 
did not significantly influence the total lipid content or any of the 
liver lipid fractions recorded in the table, even though this con- 
siderable difference in fat intake was maintained throughout the 
four generations. 

In spite of this constancy in the cholesterol content of the blood 
and livers an examination of Tables IV and V shows that the 
average daily negative sterol balances of the rats on the high fat 


TaBLE V 

Sterol Balances during Different Phases of Reproductive Cycles of Rats Fed 
High and Low Fat Diets 

These balances which represent the differences between the dietary and 

fecal sterols are expressed as mg. per day. The values in parentheses show 

the ranges of the values for the individual periods. 

















High fat Diets 1 and 2 | Low fat Diets 3 and 4 
Phase e a eco ———— 
t.3 4 Balance periods | Balance 
Pregestation.. 5 —5.1 (4.0— 6.6) 5 | —2 4 (0.32- 4.8) 
Gestation 7 —6.2 (4.1-10.8) 6 | —4.3 (8.3 - 5.1) 
Lactation S +15.4 (7.4-21.0) 5 +11.5 (9.2 -15.2) 
Postlactation....| 8 —4.2 (3.3- 7.0) 6 | —4.2 (3.5 — 4.9) 


diets were greater than those of the animals on the low fat régime. 
Table IV summarizes the data on all of the males and females in 
which the feces were collected during the whole experimental 
period. It is clear from these data that this difference in the sterol 
content referred to above was maintained throughout the four 
generations of males. The same general trend was observed for 
the females. There are, however, three exceptions to this, one 
occurring in the female in the first generation and two in the fourth 
generation. Table V gives the data on the balances of some of the 
females during the different phases of the reproductive cycle. It 
is clear that even during gestation when additional cholesterol is 
required for the growing embryos the balances still remain nega- 
tive. On the other hand distinctly positive balances became evi- 
dent during lactation. This might have been anticipated because 
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of the probability of a considerable loss of cholesterol from the 
body during this time by way of the milk. It may, however, not 
be just to compare the data obtained during this phase with those 
in the other periods, since it was necessary to include liver in the 
diets of the mothers in order to have them nurse their young. 
Thus considerable amounts of the readily absorbable sterol, choles- 
terol, were administered to these mothers. For this reason a 
definite conclusion with respect to the balances during lactation 
must be withheld. 


SUMMARY 


1. The differences between the fecal and dietary sterols of four 
generations of rats were greater on an adequate diet containing 
28 per cent fat than when the fat content of the diet was 6 per cent. 

2. The free and total cholesterol content of the fasting whole 
blood and serum of the four successive generations was not in- 
fluenced by the level of fat in the diet. 

3. The neutral fat, phospholipid, and cholesterol contents of the 
livers of these rats were likewise not influenced significantly by the 
increase in dietary fat. 
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STUDIES ON PITUITARY LACTOGENIC HORMONE 
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In recent publications experiments were described demonstrat- 
ing the homogeneity of our lactogenic hormone preparations by 
means of both electrophoretic (1, 2) and solubility (3) criteria. 
Of pituitary hormones the lactogenic seems to have been the first 
isolated in chemically pure form. Its molecular weight, however, 
has not yet been reported, although for many years it has been 
thought to be comparatively low. In this paper, the molecular 
weight of the lactogenic hormone is evaluated from both osmotic 
pressure measurements and analytical data. 


Criteria of Purity 


Electrophoresis—In previous studies (1, 2) our lactogenic hor- 
mones have behaved as single substances in the Tiselius electro- 
phoresis apparatus used with the schlieren method to examine the 
moving boundary. Some investigators doubted that results ob- 
tained by the simple schlieren method were satisfactory in estab- 
lishing the homogeneity of proteins. An experiment was therefore 
performed under the observation of Dr. L. G. Longsworth by his 
schlieren scanning technique (4). A lactogenic hormone solution 
(0.5 per cent) in an acetate buffer of ionic strength 0.05 at pH 
1.03 was electrolyzed for 11,000 seconds in a potential gradient of 


* Aided by grants from the Research Board of the University of Cali- 
fornia, from the Rockefeller Foundation, from Parke, Davis and Company, 
and from the National Research Council Committee on Research in En- 
docrinology. Assistance was rendered by the Works Projects Administra- 
tion, Official Project No. 65-1-08-62, Unit A5. 
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8.083 volts per cm. at 0.5°. The Longsworth scanning patterns, 
shown in Fig. 1, revealed only one moving boundary with a mo- 
bility! of 6.455 & 10-° sq. em. per second per volt. These obser- 
vations were in perfect agreement with those obtained by us in 
our apparatus. 

Solubility—The application of phase rule (6) in the study of the 
solubility of proteins is generally accepted as the best method by 
which to establish their purity. In a previous paper (3) we empha- 
sized the importance of choosing more than one solvent in which 








Fic. 1. Longsworth’s electrophoretic patterns of the ascending boundary 
of pituitary lactogenic hormone in an acetate buffer (pH 4.05; uw 0.05) at 
0.5°. The upper pattern was taken after the current had been passed for 3 


hours and the lower after 1.5 hours. 


to study the solubility of protein preparations. The purity of 
our lactogenic preparations was therefore reexamined by this tech- 
nique in another solvent. 

Two preparations were used, one prepared from sheep gland 
and the other from ox. An 0.357 m NaCl solution, pH 2.25 
(in HCl), served as the solvent. The results obtained are shown 
in Fig. 2. Both ox and sheep hormones gave very good solubility 
curves, the solubility being constant from the first appearance of 


‘The mobility calculation was based on the migration of the desecend- 
ing boundary as suggested by Longsworth and MacInnes (5). 
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turbidity. Each preparation, therefore, contained but a single 
component. 

Fig. 2 shows another interesting finding; namely, that the ox 
and sheep hormones exhibit different solubilities. In 0.357 m 
NaCl solution at pH 2.25, the sheep hormone has a solubility of 
0.506 gm. in 1 liter of the solvent, whereas the solubility of the 
ox preparation is only 0.316 gm. This finding is consistent with 
our previous observations (3) that the sheep hormone is more 
soluble than the ox in acid solution. 























10 15 20 25 
Mg. Nitrogen per cc. suspension 


Fia. 2. Solubility of beef and sheep lactogenic hormones in the presence 
of increasing quantities of solid phase. 


Another experiment to differentiate the ox and sheep hormones 
was carried out by adding 20 mg. of a sheep preparation to 5 cc. 
of a saturated solution of the ox hormone. Results showed that 
more sheep protein was dissolved in the saturated ox solution. 
The difference in solubility of these two substances indicated the 
extreme sensitivity of the solubility methods, although we were 
unable to detect their differences in electrophoresis experi- 
ments (2). 
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Molecular Weight 


Osmotic Pressure—If a protein has been proved to be a single 
substance, the osmotic pressure is most suitable for the determina- 
tion of the molecular weight, because it is a thermodynamic 
property which depends only on the number of particles in solution 
and not on their shape. The Donnan effect, which may cause 
trouble in making osmotic pressure measurements, fortunately 
can be largely eliminated by carrying out the experiment at the 
isoelectric point, or not far from the isoelectric point in high salt 
concentration. 

From the van’t Hoff equation Burk and Greenberg (7) obtained 
the relationship of the molecular weight of proteins to the observed 
osmotic pressure as shown in Equation 1. 


M = CdRT/100P (1) 


in which C is the gm. of solute per 100 gm. of solvent, d the density 
of the solvent, P the osmotic pressure in cm. of a column of density 
1.0; R and T have their usual significance. 

Since the lactogenic hormone is very insoluble at its isoelectric 
point, the osmotic pressure measurements were carried out at 
about pH 6.4 in phosphate buffers. The Donnan effect may be 
seen from the pH determinations of solutions inside and outside 
of the dialysis bag after the attainment of equilibrium. In every 
case, the difference in pH is about 0.02 unit. As shown by Adair 
and Adair (8), such a difference in pH hardly influences the true 
osmotic pressure of the solution. Furthermore, since the concen- 
tration of the protein was not more than 1.5 per cent, the effect 
of hydration on the value of C in Equation 1 need not be con- 
sidered. Results, summarized in Table I, indicate that the 
molecular weight of the hormone is 26,500 and that the ox and 
sheep hormones have the same value. 

In previous experiments (9) it has been shown that the hormone 
is not inactivated in 6.66 m urea solutions, and that in such solu- 
tions it reacts with iodine in the same manner as in aqueous solu- 
tions. It was of interest, therefore, to investigate the osmotic 
behavior of the hormone in urea solution, since some proteins 
(7, 10) dissociate into fragments in this solvent. 

As shown in Table II, the molecular weight of the hormone deter- 
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mined in urea and in aqueous solutions is essentially the same. 
It remains to be shown whether the hormone may be denatured 
by urea and still have the same molecular weight, since Burk (11) 























TasBiz I 
Osmotic Pressure of Lactogenic Hormone Solutions in Aqueous Buffer Solution 
at 0° 
in ets: wa 
pH Solvent Species | Perl00 | Pressure | c:p | Equation 
| oofvent : 
yore ae —s gm. em. H:0 
6.48 | 0.04 m phosphate | Ox 0.450 | 4.01* | 0.112 | 26,000 
buffer in 1.0 m NaCl 
6.50 | “ “ Sheep | 0.342 | 3.23 | 0.106 | 24,600 
6.40 | 0.02 m_ phosphate 0.916 | 7.96 0.116 | 27,000 
buffer in 0.5 m NaCl) 
6.40 | « “ lee, 0.582 | 4.75* | 0.123 | 28,500 
PI sen eons dk EEA, eS an Siete ae eee 26 , 500 








* The equilibrium was attained from higher pressure. 














TaBLeE II 
Osmotic Pressure of Lactogenic Hormone Solutions in Urea Buffer Solution 
at 0° 
| Protein | 
Press M, f 
pH Solvent Species 100 gm. beara C:P Equation 
solvent t 
| gm. | em. H:0 | 
6.21 | 0.054 acetate buffer | Ox | 1.230 | 10.52 | 0.117 | 29,700 
| in 6.66 m urea solu- | 
tion | | 
5.85 | 0.1 m acetate buffer | “ | 0.491 4.76 | 0.103 | 25,800 
in 6.66 m urea solu- | 
tion 
5.90 “ > ao | 0.911 | 8.16 | 0.112 | 28,400 
5.90 | Y “ | Sheep | 0.948 9.40 | 0.101 | 25,600 
Ee ee eT re MMe 27 , 400 








has shown that gliadin is denatured in urea even though its osmotic 
pressure remains unchanged. In the case of some proteins denatu- 
ration may be accompanied by the appearance of the —SH group 
in the molecule, but in iodination experiments (9) this group was 
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not detectable in urea solutions. Together with the fact that the 
hormone shows no change in biological activity? nor in molecular 
weight, this indicates that it probably remains ‘‘native’’ in urea. 

With regard to this problem, we have examined the biological 
activity of the hormone after the treatment of trichloroacetic acid 
because this acid is also known to denature proteins. To 4 ce. 
of a 0.5 per cent hormone solution 1 ce. of 20 per cent trichloro- 
acetic acid was added at room temperature. The hormone was 
completely precipitated by the acid. After the removal of the 
precipitate by centrifugation, it was dissolved in a dilute alkaline 
solution and was then dialyzed. The dialyzed material was 
assayed and no loss of activity was found.’ 

It may be concluded, therefore, either that the hormone is a 
very stable protein and remains “native” in urea and trichloro- 
acetic acid solutions, or that if the hormone is denatured by urea 
or trichloroacetic acid the process must be reversible. 

Analytical Data—An accurate determination of a constituent 
of a protein is often proved to be very useful in calculating the true 
molecular weight. If a protein contains X per cent of A atom or 
B molecule which has an atomic or molecular weight m, the mini- 
mal molecular weight will be 100 m/X. It follows, therefore, 
that the true molecular weight of the protein is 


100nm/X (2) 


where n is the number of A atoms or B molecules. The usefulness 
of this method has been emphasized many times by Cohn (13). 

Tyrosine and Tryptophane Content—In a recent paper (14) we 
reported that ox pituitary lactogenic hormone contained 5.7 per 
cent tyrosine, whereas the hormone prepared in an identical man- 
ner from sheep pituitaries contained 4.5 per cent. This difference 
has been confirmed by Dr. C. A. Knight of The Rockefeller Insti- 
tute for Medical Research, Princeton, New Jersey, with two dif- 


? Unfortunately, the hormone cannot be assayed in 40 per cent urea 
solution. The biological activity was tested after the removal of urea by 
dialysis. It is possible that the protein, if it is denatured in urea, becomes 
native again after the urea has been dialyzed. 

* The same result is also observed with another pituitary protein, inter- 
stitial cell-stimulating hormone (12). 
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ferent preparations by different methods of analysis. He found 
5.42 per cent tyrosine in ox hormone and 4.7 per cent in sheep 
preparations. 

The hormone derived from these two sources did not differ in 
tryptophane content. The Lugg method (15) employed involved 
alkaline digestion, and the possibility of destruction of some of the 
tryptophane had to be borne in mind. At the suggestion of Dr. 
Knight we have redetermined the tryptophane content of ox and 
sheep lactogenic preparations, using a method (16) that does not 
require digestion of the protein. 

The results summarized in Table III show that no difference 
was found in the tryptophane content of ox and sheep hormones. 
They both contained about 2.5 per cent tryptophane and not 1.3 
per cent as previously reported. 

Arginine Content*—The Thomas modification (17) of Sakaguchi’s 
method was used for the estimation of arginine content. 30 mg. 
of a protein sample were dissolved in 1 ec. of 6 m hydrochloric acid 
in a small Pyrex test-tube. The tube was then sealed and put into 
a steam bath for 24 hours. After hydrolysis, the hydrolysates 
were transferred to a volumetric flask. An aliquot of this dilute 
hydrolysate was used for arginine determinations. The method 
of Thomas et al. was followed as closely as possible. 

Results summarized in Table IV show that both sheep and ox 
lactogenic hormones have practically the same arginine content 
and a mean of thirty-five analytical values from five preparations 
gives 8.31 per cent. 

Sulfur and Cystine Content—The total sulfur content as deter- 
mined by Carius’ method was found to be practically the same in 
both ox and sheep hormones. They contain 1.79 per cent sulfur 
from an average value of five determinations (1.84 per cent, sheep; 
1.79, sheep; 1.75, ox; 1.78, ox; 1.80, ox), which approximates the 
figure (1.77 per cent) obtained by White et al. (18). 

The cystine content’ of the hormone is 3.0 per cent, which ac- 
counts for about 45 per cent of the total sulfur. Since we have 
already shown the absence of cysteine in the hormone (9), the rest 


* We are indebted to Miss E. Burtner for her assistance in making the 
arginine determinations. 
5 The unpublished results of H. Fraenkel-Conrat. 
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of the sulfur must be due to methionine® or some other sulfur- 
containing amino acids. 

All of the analytical results are summarized in Table V. If we 
assume that the hormone consists of 3 molecules of tryptophane, 
8 molecules of tyrosine for ox preparations, 6 molecules of tyrosine 


Tase III 
Tryptophane Content of Pituitary Lactogenic Hormone 





Species Tryptophane 

per cent 

Sheep may eee - Se ON. hy 2.4 
a a av dis odes bake take sapere e 2.7 
Sheep....... SAA ele ddecwswhtdsuacuctvees lidis odes 2.6 
SP tee aoneh le ED op hs ee 2.5 
icin avon eda sien PO - SP e 7T 2.5* 
shin Liat kas Acids ath ean Ble « pdthd. do 5450 ist 2.3° 
Average....... 2.5 


* Obtained by Dr. Knight. 


TaBLe IV 
Arginine Content of Pituitary Lactogenic Hormone 


Arginine content; | Average deviation 





, No. of 
Species determinations average value from mean 
dl ig ai | gwen 
Pe. . casGaet « 4 8.18 0.29 
- 7 8.49 0.29 
ee 6 8.07 0.25 
10 8.27 0.27 
eS eee 8 8.57 0.22 
Mean Sere des ahs Have cue ele. a 8.31 


for sheep, 3 molecules of cystine, 12 molecules of arginine, and 14 
atoms of sulfur, the average molecular weight as calculated by 
Equation 2 will be 24,900. This value is in good agreement with 
that obtained from the osmotic pressure measurements. 


‘The qualitative analysis of a preparation shows the presence of 
methionine. The sulfur distribution in the hormone is under investigation. 
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Methods 


Solubility Experiments—A 2 per cent solution (approximate) of 
the hormone was prepared with the aid of a minimal amount of 
dilute NaOH and HCl. The pH of this stock solution was about 
7.0. Different aliquots of the solution, with a volume of not 
more than 2 cc., were distributed in seven or nine test-tubes 
(12 x 100 mm. Pyrex). Distilled water was then pipetted into 
each tube to make up a volume of 2 cc. To each tube 5 ce. of 
0.50 m NaCl at pH 2.05 (in HCl) were added and two glass beads 
were used for agitation. The tubes were then closed with a small 
rubber stopper and inserted into a large Pyrex test-tube and 




















TABLE V 
Minimal Molecular Weight of Pituitary Lactogenic Hormone 
Constituent Veer | ——> —~ 
or 1 atom or atoms vk aa 
ae isieukl <a 

Tryptophane 2.5 8200 3 24,600 
Tyrosine 5.7 (Beef) 3200 8 25,600 
4.5 (Sheep) 4000 6 24,000 

Cystine 3.0 8200 3 24,600 
Arginine 8.31 2100 12 25, 200 
Sulfur 1.79 1800 14 25, 200 
SEIN. 1 5 0 0 wo. clvisites iesuhah Silat in's a gun peiineetamindaas anes aie 24,900 








rotated in a 25° thermostatically controlled water bath for 3 days. 
The solutions were filtered through Whatman filter paper (No. 42) 
and the filtrate’? analyzed for nitrogen. Nitrogen determinations 
were made by semimicro-Kjeldahl analysis and sometimes checked 
by the Nessler method (19). The pH of each filtrate was also 
determined by a glass electrode and found in each case to be 
2.25 + 0.03. 

The solubility in the case of high protein concentration was 
determined by the technique described previously (3). 


7 The biological activities of the filtrate and the residue were always 
assayed in two or three tubes of each run. They indicated in each instance 
that it has no changes of potency. 
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Osmotic Pressure Measurements—The technique used for osmotic 
pressure measurements was essentially the same as that described 
by Burk and Greenberg (7). The collodion bags, which were made 
with a solution kindly supplied by Dr. D. M. Greenberg, were 
tested for small holes or other defects by the apparatus described 
by Northrop and Kunitz (20). The volume of the bag was about 
10 cc., while the volume of the outer solution was about 500 cc. 

The experiments were carried out in a cold room at 3-4°. The 
osmometers were rocked slowly in a mechanical arrangement. 
The equilibrium was usually reached in 2 or 3 days if it started 
from lower pressure, while it took about 7 days from higher pres- 
sure. After the attainment of equilibrium, the osmometer was 
then put into a big bath of ice and water until the reading no longer 
changed (1 or 2 days). 

The concentration of the protein was calculated from the nitro- 
gen determinations with the factor 100/15.8. When urea was used 
as the solvent, the protein content was determined by Folin’s 
reagent (21) as described previously (3). The pH determinations 
were made with a glass electrode. 


Summary 


1. The purity of our lactogenic preparations has been reaffirmed 
in electrophoresis and solubility experiments. 

2. The molecular weight of the pure hormone has been shown 
by osmotic pressure measurements to be approximately 26,500. 
The fact that the pure hormone does not dissociate into fragments 
in urea solution has been demonstrated. 

3. The cystine, arginine, tyrosine, tryptophane, and sulfur 
contents of the pure hormone have been reported. From these 
data the molecular weight of the lactogenic hormone was estimated 
to be approximately 25,000. 
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An attempt was made in this study to isolate pure polysac- 
charide and nucleic acid from the culture medium of the tubercle 
bacillus by means of electrophoresis, following a simple and mild 
preliminary chemical fractionation. 


Preparations Studied 


The source of this material was the filtrate obtained after a 
protein fraction had been removed by precipitation with am- 
monium sulfate. 

The scheme of chemical fractionation was as follows: Human 
strain tubercle bacilli (DT) from the Bureau of Animal Industry, 
United States Department of Agriculture, were grown in liter 
bottles on Long’s synthetic medium for 8 to 10 weeks, at 37°; 
3664 cultures were thus produced. The cultures were heated in 
the Arnold sterilizer for 3 hours and then taken to a cold room 
at 4-5°, where the entire subsequent procedure was carried out. 
The bacilli were filtered off on a Buchner funnel and then through 
the Mandler filter; 530 liters were obtained. The filtrate was 
concentrated by ultrafiltration in the cold room and washed free 
of salts, glycerol, and all dialyzable products by means of weak 
phosphate buffer solution of pH 7.3 and ionic strength 0.02. The 
volume of the concentrated solution was 11.9 liters. This solu- 
tion was fractionated into six fractions as follows: 


* Aided by grants from the Committee on Medical Research of the 
National Tuberculosis Association. 

Presented before the National Academy of Sciences at Philadelphia, 
October, 1940 (Science, 92, 456 (1940)). 
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56 Electrophoresis of Tuberculin 


To the solution was added an equal volume of saturated am- 
monium sulfate, previously neutralized with solid disodium 
phosphate (1). The precipitate was centrifuged off and repurified. 
It was not considered further in these studies. Detailed physico- 
chemical and biological studies on this protein (Fraction 81), 
which is known as the “purified protein derivative tuberculin,”’ 
are given in another paper (2). 

After the material had stood in the cold room, a sediment de- 
posited in the half saturated ammonium sulfate filtrate. This 
was collected and dissolved by the addition of sodium hydroxide, 
and the solution concentrated, washed by ultrafiltration, and then 
dried in vacuo from the frozen state; 7.e., by the cryochem process 
(3). It was designated Fraction S82. 

Hydrochloric acid was then added carefully to the clear filtrate 
from Fraction $2, until a precipitate aggregated into coarse 
floccules. The pH of the solution was found to be about 4.0. 
This precipitate was centrifuged off, dissolved in phosphate buffer 
plus just enough sodium hydroxide to cause solution, then washed 
on ultrafilters with the buffer, and concentrated by ultrafiltration, 
filtered through the Seitz filter, and dried by the cryochem process. 
It was known as Fraction 83. 

To the filtrate from the precipitate at pH 4.0, 95 per cent alcoho! 
was added slowly and with stirring until a brown sticky precipitate 
appeared at the interface between the two liquids. Approxi- 
mately 0.2 volume of alcohol was required in this case. It was 
essential to add just sufficient alcohol to cause maximum precipita- 
tion at this interface without permitting ammonium sulfate to 
precipitate and carry down the brown sticky substance with it. 
The precipitate was obtained by syphoning away the liquids 
above and below. Water (100 ml.) was added to it and, after 
the mixture stood in the refrigerator, part of the precipitate 
readily went into solution. This was centrifuged off, repre- 
cipitated twice with alcohol, and dissolved in weak buffer. The 
solution was dialyzed in a special heavy cellophane membrane, 
filtered through the Seitz filter, and dried by the cryochem process. 
This was known as Fraction $4. 

The portion of the first alcohol precipitate, which was less soluble 
in water on standing in the ice box, was flocculent and lighter in 
color. It dissolved slowly when more water was added, and then 
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was precipitated twice with 95 per cent alcohol and finally was 
dissolved in weak phosphate buffer. The solution was dialyzed, 
filtered through the Seitz filter, and dried like the other fractions. 
It was designated as Fraction 85. 

Much pigment appeared in all supernatant solutions from Frac- 
tions S4 and 85 and in the dialysates. After Precipitates S4 and 
S5 were removed, much more 95 per cent alcohol was added to the 
filtrate, until the maximum precipitation of ammonium sulfate 
occurred. The salt was discarded. 

The final filtrate from the ammonium sulfate was then brought 
to pH 6.8 with sodium hydroxide, and concentrated in vacuo 
at 50°. More ammonium sulfate precipitated; it was removed 
with as little loss of polysaccharide as possible, by redissolving it 
and reprecipitating with alcohol. The solution was finally con- 
centrated to about 142 ml. and then dialyzed in a heavy cello- 
phane sac against distilled water, and also dried from the frozen 
state. This fraction was called S6. 

The fractions so obtained were studied by analytical and 
electrophoretic methods. 


Methods 


The total approximate concentration of a solution, when equi- 
librated against the buffer, was determined by means of refractive 
index, with 0.00188 as the refractive index increment for the 
tuberculin protein (4), 0.0014 for polysaccharide, and 0.0013 for 
nucleic acid. The latter two increments were determined by the 
senior author with the use of pure tuberculin polysaccharide and 
pure thymus nucleic acid. 

Total nitrogen was determined by the Pregl micro-Kjeldahl 
method, by the method of Folin and Ciocalteu (5) with the phenol 
reagent, or by the micro-Nessler reaction of Johnson (6). The 
latter was especially useful in detecting the minute amounts of 
nitrogen present in the purer polysaccharide fractions, since 20 
of nitrogen are the optimum quantity for a determination. Nucleic 
acid and polysaccharide were determined by the Dische methods 
(7), according to the techniques described in a previous publication 
(1). The results in the last four methods were obtained by use 
of the Evelyn colorimeter. 

Nucleic acid nitrogen was calculated by using 12 per cent for 








58 Electrophoresis of Tuberculin 


the sodium salt of desoxyribose, as recommended by Ham- 
marsten (8). 

Protein nitrogen was obtained as the difference between the 
total nitrogen and the nucleic acid nitrogen, and from it could be 
calculated the protein content by multiplying by the factor 6.13 
(16.3 per cent nitrogen in the protein (4)). Protein content was, 
furthermore, directly checked by means of the phenol reagent. 
In this case the results were taken from a standard curve ob- 
tained by measuring varying amounts of the “purified protein 
derivative” (Fraction $1). This curve followed Beer’s law in the 
region used. 

The carbazole reaction determines not only the carbohydrate 
in the tuberculin polysaccharide, but also the carbohydrate in 
the nucleic acid. In fact the standard curves obtained for the 
polysaccharide and the nucleic acid, with the filter \ 540 in the 
Evelyn colorimeter, are almost superimposable. Thus the result 
obtained is a sum of the two substances present and the true 
tuberculin polysaccharide can be obtained by subtracting the 
amount of nucleic acid found by means of the diphenylamine 
reaction from this total polysaccharide. 

Electrophoretic studies were also made on all fractions with the 
Svensson modification of the Philpot optical arrangement (9) 
in the Tiselius' electrophoresis apparatus (10). 

In all experiments approximately 1 per cent solutions were 
examined in the presence of phosphate buffer of pH 7.3 and 
np = 0.02. The potential gradient used was always from 4 to 6 
volts per cm. and the temperature was 0-0.5°. The boundaries 
were pushed out from behind the plates at the beginning or at the 
end of the experiment, in order to observe the immobile poly- 
saccharide boundaries as well as any 6 or « effects present. 

The mobilities were calculated as usual from the equation 
u = d/Ft, where d = the distance traveled in cm., F = the poten- 
tial gradient, and ¢ = the time in seconds. 


EXPERIMENTAL 
Results of Studies on Five Fractions Isolated—Table I shows the 
yields obtained of these various fractions, based on the chemical 


1 Grateful appreciation is expressed to Professor Tiselius for his donation 
of parts to this apparatus. 
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analyses for the constituents, nucleic acid, polysaccharide, and 
protein, calculated as described. From the data it can be seen 
that the apparent different solubilities of the fractions may be 
dependent to a large extent upon the relative proportions of these 
constituents, 

Fig. | shows the electrophoretic diagrams for both ascending 
and descending gradients in the five fractions. Interaction 
between the components, as previously noted (1), is obvious. In 
certain cases there was also a marked 6 effect on the ascending 
side. Mobilities of the components and concentrations of the 
gradients were determined, but were considered to be only approxi- 
mate, because of the interaction of components, and are, therefore, 


TABLE I 
Yields of Different Fractions 


Fraction No. Nucleic acid Protein Polysaccharide Total 
qm. gm. gm. qm. 

s2 6.5 3.2 6.4 16.1 

S3 1.3 5.6 1.4 11.3 

s4 2.8 5.6 21.8 30.2 

S5 +.0 1.9 1.0 6.9 

S6 0.2 0.6 14.8 15.6 
Total 80.1 


not recorded. They were, however, sufficiently accurate to enable 
one to identify the gradients and to label them accordingly in 
Fig. 1. From previous (4) as well as recent studies in which the 
various components have been isolated by electrophoresis and 
analyzed by means of the diphenylamine reaction it is certain that 
the fastest components with mobilities? equal to —22 to —28 xX 
10° on the ascending side or —16 to —19 X 10-° on the descend- 
ing side are chiefly nucleic acid. Those with mobilities —6 to 
—10 X 10° are protein, and those with no mobility are poly- 
saccharide. Those with mobilities —2 to —4 X 10-° were found 
to be nitrogenous substances closely adhering to polysaccharide 
and will be discussed later. 


1 sec. L 


2 Mobilities are reeorded in units of em.? volt 
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The electrophoretic diagrams were of chief value in indicating 
the possibilities for isolating the constituents. Therefore, the 
objectives of isolating pure polysaccharide and pure nucleic acid 
were pursued on those fractions which appeared to be most 
promising. Considerable quantities of all fractions, as well as a 
macro-Tiselius electrophoresis apparatus,’ containing four cells 
of about 36 ml. capacity each in each limb, were available. In 
this apparatus the simple schlieren optical arrangement was 
employed for following the components. A closed system was 
used, thus eliminating marked hydrostatic shifts of the boundaries. 

Isolation of Polysaccharides by Electrophoresis—Fractions S4 
and S6, containing about 75 and 95 per cent respectively of poly- 
saccharide (see Table I), appeared from the electrophoretic 
diagrams to furnish the most profitable sources for this substance. 
Furthermore, they were chosen because they possessed different 
solubility properties. For example, the S84 fraction was precipi- 
tated by alcohol and appeared at the interface of the two liquids, 
and the S6 fraction remained soluble in excessively large quantities 
of alcohol. 

An attempt was therefore made to isolate by electrophoresis in 
the macro cell pure polysaccharide from the S6 fraction, which 
contained about | per cent nitrogen. In this case 172 ml. of a 
5.1 per cent solution were studied in the macro electrophoresis 
cell against phosphate buffer, pH 7.2, 1 = 0.02. The dark brown 
solution was pushed by the compensation device to the bottom 
of the anode compartment, and to the top of the cathode side of 
the cell, and a current with a potential gradient of about 3.7 volts 
per cm. was sufficient to carry a fast moving nucleic acid com- 
ponent through four compartments toward the anode in 6.5 hours. 
During this time an immobile boundary remained distinct and 
stationary at the top of the cathode side and the solution in this 
top compartment became almost colorless. The nitrogen content 
dropped to about 0.48 per cent, indicating that free polysaccharide 
was being left behind. At least three mobile components could 
be identified on the ascending side, and the solution in the top 
anode side contained 38 per cent nucleic acid. 


‘Since this paper was written, a paper by Blix, Tiselius, and Svensson 
(11) has appeared which demonstrates the usefulness of this apparatus. 
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The colorless solution in the top cathode compartment was, 
therefore, removed and the remaining solution on the cathode 
side together with the solution in the bottom compartment was 
put back into the cell and a similar electrophoresis made for 17 
hours. This procedure was repeated two more times, and then 
the purest cathode solutions were pooled and separated in a similar 
manner. The final purest polvsaccharide obtained was shown 
by analysis to contain about 0.2 per cent nitrogen. It did not 
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Fic. 2. Electrophoretic diagrams of the characteristic polysaccharides 
isolated from the S6 and S4 fractions. A indicates ascending boundaries 


and D descending boundaries, in the directions indicated by the arrows 


seem possible under these conditions to obtain a greater degree 
of purification without unwarranted loss of polysaccharide. 
This purest fraction (0.86 per cent concentration) was then put 
into the small analytical cell and studied under precisely controlled 
conditions in the same buffer. The boundaries were first pushed 
by the compensation device toward the cathode for a distance of 
about three-quarters of the cell and then a potential gradient 
of 6.5 volts per em. was applied. Fig. 2 shows that after 3 hours 
two very small components separated from the immobile poly- 
saccharide on the ascending side. These impurities may represent 
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the 0.2 per cent nitrogen found. Further analyses showed there 
was at least 1.0 per cent protein, as determined by means of the 
phenol reagent, and 0.36 per cent nucleic acid present. 

An attempt was then made to isolate, in a similar manner, a 
quantity of polysaccharide from the 84 fraction for comparison. 
A 5.8 per cent brown-colored solution of the 84 fraction containing 
7.3 per cent nucleic acid and 2.7 per cent total nitrogen was 
dialyzed for 18 hours in an extra heavy cellophane sac against 
phosphate buffer, pH 7.3, 1 = 0.02. This solution was then 
electrolyzed in the macro electrophoresis apparatus against the 
same buffer. At first the entire solution was pushed to the top 
of the descending or cathodic side and then a potential gradient 
of about 3.7 volts per cm. was applied. After 10 hours the fast 
nucleic acid component, with an approximate mobility of —20.8 
10-°, had traveled the distance of four compartments on the 
ascending side toward the anode. A component with a mobility 
of about —4.8 X 10— also appeared on the ascending side, but on 
the descending side distinct boundaries did not separate from the 
main component. A clear colorless immobile polysaccharide was 
not left behind, as in the case of the 86 fraction, but instead the 
main component had a slight mobility, about —0.25 10-5, and 
it became so diffuse that a schlieren shadow filled the entire top 
cathode compartment by the end of 20 hours. 

Therefore, the solution in the four anode compartments, con- 
taining as much as 22.6 per cent nucleic acid, was removed and the 
remaining solution was put back into the cell and electrolyzed 
in the same manner against fresh buffer with the same potential 
gradient for about 20 hours more. At the end of this time the 
solution on the ascending side was again removed, and the remain- 
ing solution was put back into the cell. This procedure was 
repeated five times, making the total duration of electrophoresis 
114 hours. 

Analyses were made on the solutions in the different anode and 
cathode compartments at the end of each electrophoresis. They 
showed that nucleic acid and total nitrogen were being concen- 
trated during the first four experiments in the anode solutions, 
but to a less extent with each experiment, until in the fifth experi- 
ment the anode and cathode solutions contained about the same 
amounts of nucleic acid and nitrogen, indicating that the purifica- 
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tion of the polysaccharide had progressed as far as possible under 
the conditions employed. There was still 0.85 per cent nitrogen 
in the purest cathode solution. However, this final solution did 
not consist of a single true compound, such as a low nitrogen- 
containing polysaccharide, because the final boundaries were very 
diffuse, and it appeared as though a second boundary was forming 
which never became distinct. The appearance of the boundary 
suggested a dissociation or an unsuccessful attempt to separate 
a mobile substance from an immobile sticky mass. 

It is probable that the unusual boundary phenomenon observed 
was not due to convection currents, since there was no evidence of 
streaming, and it did not occur during the purification of the 86 
polysaccharide fraction under identical electrophoretic conditions, 
Furthermore, when the $4 fraction after this purification (1.28 
per cent concentration) was studied under precisely controlled 
conditions in the analytical cell in phosphate buffer, pH 7.3, 
un = 0.02, with a potential gradient of 6.5 volts per cm., the same 
boundary phenomenon was observed (see Fig. 2). The main 
component had a slight mobility of —0.25 x 10~, and the second 
boundary which never became distinct had a mobility of 
—1.23 x 10~. 

Perhaps the phenomenon of a cohesive substance, as postulated 
by Pedersen (12), should be considered in this connection. It is 
also possible that a layer of protein may be coating the poly- 
saccharide, and thus conferring upon it a low mobility. However, 
it is obvious that there was a very strong interaction between 
these components. Chemical analyses showed that the nitrogen 
represented 1.1 per cent nucleic acid and about 3.0 per cent protein 
by means of the phenol reagent, but no boundaries with mobilities 
corresponding to these substances appeared. Abnormally slow 
mobilities may have been caused by the interaction with poly- 
saccharide. It is probable that the insolubility of this poly- 
saccharide fraction in alcohol was due to the presence of the 
nitrogenous impurities. 

Since a few results reported in the literature as well as with the 
protein components of tuberculin (2) indicated that the inter- 
action between certain protein components may be greater with 
buffer of low ionic strength, such as was used here, another electro- 
phoresis was performed in the analytical cell on the same S84 
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solution after it had been dialyzed against phosphate buffer of the 
same pH, but at a higher ionic strength (0.1). Under a potential 
gradient of 6.7 volts per cm. for 3 hours, the resolution of the 
components was, on the contrary, much poorer than it had been 
even at 1 hour in the presence of the 0.02 u buffer, as seen in Fig. 2. 

Evidence of this tenacious force between components has 
hitherto not been emphasized and has been seen only in certain 
preparations studied, chiefly of bacterial origin. It was noticed 
by Tennent and Watson in electrophoretic studies (to be published 
soon) on certain polysaccharide fractions, and is being further 
investigated. That it is probably not due to irregularities or 
errors in electrophoretic conditions also may be concluded from the 
fact that two similar polysaccharides were isolated from tuberculin 
in the same relative proportions by chemical fractionation, as 
described in the following section. 

Isolation of Polysaccharide by Chemical Method—The method 
described by Renfrew (13) and modified by Masucci, McAlpine, 
and Glenn (14) was used for isolating polysaccharide from the 
tuberculin filtrate. 3 to 4 liters of a half saturated ammonium 
sulfate filtrate, as described in the scheme of separation above, 
were used for isolating the polysaccharide. A precipitate, ob- 
tained by bringing the filtrate to pH 4.0 with hydrochloric acid, 
was removed as described above. Alcohol was then added to the 
filtrate until a sticky mass formed at the interface of the two 
liquids, and the latter was removed. Ammonium sulfate was then 
removed after precipitation by the addition of more alcohol and 
cooling, and the final filtrate was concentrated in vacuo at 50°. 

To the clear solution a 25 per cent solution of lead acetate was 
added, until no more precipitate appeared. Saturated basic lead 
acetate was then added to the filtrate and finally concentrated 
ammonia until all the polysaccharide was precipitated. The 
precipitate was dissolved in 10 per cent acetic acid and the pre- 
cipitation repeated seven to nine times, until most of the color 
and nucleic acid were removed. 

To the final precipitate, dissolved in dilute acetic acid, an equal 
amount of methyl alcohol was added. Very little precipitate 
occurred. This was filtered off and the filtrate was neutralized 
and concentrated to a thick syrup in vacuo at 50°. The thick 
syrup was then dropped slowly into glacial acetic acid, giving a 
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flocculent white precipitate which was redissolved and reprecipi- 
tated. It was washed with acetone and finally ether until 1.6 gm. 
of a fine white powder containing 0.27 per cent nitrogen resulted, 

On addition of more glacial acetic acid to the filtrate from the 
first flocculent white precipitate more brown and sticky precipitate 
formed. This was separately washed with acetone and ether and 
there resulted 2.96 gm. of a slightly colored powder with 1.57 
per cent nitrogen. 

These two polysaccharide fractions, as far as their purity with 
reference to nitrogen is concerned, correspond with the poly- 
saccharides isolated from the S6 and S4 fractions respectively. 
Furthermore, when the latter fraction (1.5 per cent nitrogen) 
was studied in electrophoresis, the same interaction of protein 
and polysaccharide was found as with the S4 polysaccharide. 
Even after three separations in electrophoresis, the final product 
still contained about 1.48 per cent nitrogen. 

Isolation of Polysaccharide from Unheated Tuberculin Filtrate— 
An attempt was then made to isolate polysaccharide from un- 
heated tuberculin culture filtrate, in order to determine whether 
the type of polysaccharide would be similar to one of those just 
isolated from the heated filtrate. A fraction was chosen which, 
on analysis, proved to have about 65 per cent polysaccharide. 

It was fractionated by repeated electrophoresis for a total of 46 
hours in the macro cell under the same conditions as those used for 
the 84 and S6 fractions. A fast moving component, which proved 
to have 70 per cent nucleic acid, was removed from the anode side, 
and a very broad diffuse boundary appeared on the cathode side, 
as in the case of the S4 fraction. The purest polysaccharide 
obtainable contained 1.2 per cent nitrogen and obviously the 
same tenacious phenomenon was present as with the S4 fraction. 
It is obvious, then, that heating is not the cause of the develop- 
ment in the polysaccharide of the tenacious property referred to 
above. 

Isolation of Nucleic Acid—The 85 fraction was chosen as a possi- 
ble source from which to isolate nucleic acid. About 100 ml. of a 
4.4 per cent solution of this fraction were equilibrated against 
phosphate buffer, pH 7.3, 1 = 0.02, and were then separated in 
the macro electrophoresis cell for 3.25 hours at a potential gradient 
of 3.7 volts per em. A fast component, the nucleic acid, with 
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mobility of approximately —24.3 X 10~° and of moderate strength 
was separated in the top anode cell. However, only about a half 
of a compartment, or 18 to 20 ml. of a 0.77. per cent solution, 
could be obtained, since there was also another component of 
approximate mobility —17.7 XK 10-°. 

The pooled solutions from the bottom anode and cathode and 
bottom compartments were put back into the cell and separated 
under the same conditions and again about half a compartment 
of the fast component was obtained. Two more similar separa- 
tions were made, but in each case the half compartment of nucleic 
acid solution obtained was of a weaker concentration. In all 
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Fic. 3. Electrophoretic diagrams of the nucleic acid isolated from the 
tuberculin 85 fraction and of pure thymus nucleic acid. A indicates ascend- 
ing boundaries and D descending boundaries, in the directions indicated 





by the arrows. 


four runs only about 370 mg. of the purest nucleic acid were 
obtained. 

This purest nucleic acid fraction (0.93 per cent concentration) 
was then studied carefully in the analytical cell in phosphate 
buffer, pH 7.3, and « = 0.02 and with a potential gradient of 6.5 
volts per em. Analyses on this solution gave per ml., 7.3 mg. of 
nucleic acid, 9.1 mg. of total polysaccharide, and 0.84 mg. of 
nitrogen. Fig. 3 shows the main component, which traveled with 
a mobility of —23.6 & 10- on the descending side. The 6 and ¢ 
effects produced were conspicuous. As the electrophoresis pro- 
gressed, very small boundaries with lower mobility split off at 
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intervals from the main component on the ascending side. These 
may have been due to protein, since analyses made with the phenol 
reagent indicated that approximately 4.7 per cent protein was pres- 
ent. On the descending side the impurities did not separate from 
the main component but instead caused the whole curve to become 
diffuse, as shown in the diagram (Fig. 3). Similar small bounda- 
ries appeared when the electrophoresis was carried out in buffer 
of w = 0.1. 

In order to compare this nucleic acid isolated from the S5 
fraction with a known pure nucleic acid, an electrophoresis was 
carried out on a sample of thymus nucleic acid (8) kindly given to 
one of us by Dr. Einar Hammarsten. A concentration of 0.69 
per cent and the same buffer, pH 7.3, u = 0.02, and potential 
gradient of 6.5 volts per em. were used. The electrophoretic 
diagrams (Fig. 3) were practically identical with those obtained 
on the nucleic acid isolated from the 85 fraction, except that the 
descending boundary was sharper at the beginning of the experi- 
ment. This may be due to the fact that this native nucleic acid 
had a very much greater viscosity than did the nucleic acid 
described above. Similar 6- and eboundaries were present and 
also small boundaries with lower mobility split away from the 
main component, causing a progressive increase in the mobility 
of the main component from —17.6 X 10-° to —23.5 & 10~° 
to —26.1 K 10-°. They appeared also in the presence of buffer 
of u» = 0.1 at the same pH, as well as at pH 5.9 and 3.8. Likewise 
the descending boundary became very diffuse. Hammarsten 
estimated there may be as much as | per cent protein present, and 
1.5 per cent was actually found by means of the phenol reagent. 

These polysaccharide and nucleic acid fractions isolated from the 
tuberculin will be studied later for their physicochemical and 
biological reactions. 

SUMMARY 

A relatively simple scheme is given for making a rough separa- 
tion of the protein, nucleic acid, and polysaccharide fractions of 
tuberculin in large quantities. 

Electrophoretic studies of the fractions obtained show the 
relative amounts of these three components in the different frac- 
tions and the possibilities for isolating them in pure form. Chemi- 


cal analyses confirmed the conclusions. 
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Two types of polysaccharide were isolated by means of electro- 
phoresis of large quantities of solution, as well as by chemical 
separations. One type did not migrate in the electrical field and 
was easily obtained. It was colorless and contained only about 
0.2 per cent nitrogen. The other, present in much larger quantity, 
had a low mobility, and the nitrogenous impurity could not be 
removed to less than 0.85 per cent nitrogen, even by. prolonged 
electrophoresis. A strong interaction between this polysaccharide 
and the nitrogenous substances was evident. 

Nucleic acid was also isolated in small amount by means of 
electrophoresis of large quantities of the crude fractions, and its 
degree of purity was demonstrated by chemical analyses as well 
as by electrophoretic analysis. 


We wish to acknowledge the excellent assistance of Mr. J. 
Walter Nelson. 
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Despite the quantitative analyses of potassium in bones and 
teeth reported by a number of investigators (1-13) and the demon- 
stration of potassium lines in are spectra of certain of these 
tissues (14), Lowater and Murray (15) stated that in their spectro- 
graphic studies “potassium was not found generally” in normal 
tooth substance. It seemed possible to us that the discrepancy 
was related to inadequate quantitative measurements by Lowa- 
ter and Murray, and that an investigation of the effect of 
large amounts of other elements, such as occur in the calcified 
tissues, on the sensitivity of the potassium line might reveal the 
reason for Lowater and Murray’s conflicting evidence. 


Procedure 


Several series of standard solutions containing various con- 
centrations of calcium and potassium were prepared; calcium 
phosphate was used in three such series, calcium chloride in two, 
and calcium nitrate in one. In order to obtain sufficiently con- 
centrated solutions of calcium phosphate, the salt was dissolved 
in 6 nN hydrochloric acid. Potassium was added as potassium 
chloride. In each series, the calcium solutions contained 20, 60, 
and 100 mg. of calcium per ml., respectively. 0.2 ml. of each 
solution was evaporated to dryness on a watch-glass; the residue 


* This work was supported in part by grants from the Carnegie Corpora- 
tion of New York and from the Fluid Research Fund of The University of 
Rochester, School of Medicine and Dentistry. 
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was transferred to a hollow carbon electrode and are spectra were 
obtained with a Bausch and Lomb medium quartz spectrograph. 
The crater was made with such a depth that the specimen occupied 
about half of the space; so that when arced most of the calcium 
remained in the crater, while the potassium being more volatile 
escaped into the arc column and was excited. The arc was 
operated from the 115 volt p.c. laboratory power supply with a 
current of 15 amperes and for a time of 30 seconds. The light 
f,om the negative electrode which contained the specimen was 
focused on the collimator lens. 


Results 


The spectra shown for enamel, dentin, and bone (Fig. 1) were 
obtained by burning 24 mg. samples of each tissue; these spectra 
clearly show the presence of potassium (Fig. 1, B, D, F). 

The spectra for various amounts of potassium in the presence 
of 12 mg. of calcium (Fig. 1, A, £, @) illustrate the method by 
which the influence of calcium on the sensitivity of the potassium 
lines was established. In Fig. 1, G, strong calcium lines are 
shown but the potassium doublet used as the indicator in this 
study (at 4044 and 4047 A.) is absent. Nevertheless one of the 
difficulties of the spectrographic analysis of potassium is clearly 
shown; 7.e., the high background due to the cyanogen bands which 
occur in the same region of the spectrum in which the potassium 
doublet occurs. The interference from the cyanogen bands makes 
it difficult to evaluate line intensities; consequently the effect of 
calcium was detern.ined by finding the amount of potassium giving 
just visible lines in the presence of a given amount of calcium. 

In the absence of calcium (Fig. 2), 0.005 mg. of potassium per 
ml. can be detected; since this determination is made on 0.2 ml., 
the minimum detectable amount is of the order of 1 y. In the 
presence of 60 mg. of calcium per ml., about 0.04 mg. of potassium 
is required for positive identification, and in the presence of 100 
mg. of calcium per ml., 0.07 mg. of potassium per ml. is required. 
Thus, increasing amounts of calcium phosphate increase the 
amounts of potassium necessary to give detectable lines in the 
spectra. Presumably, this phenomenon is responsible for the 
negative findings of Lowater and Murray (15). It is interesting 
to note that the amounts of calcium phosphate found in bones and 
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teeth increase by 8-fold the amount of potassium needed to give 
detectable spectral lines. 

The effect of caletum and phosphorus on the sensitivity of the 
potassium doublet is a complicated problem. Evidently both 
elements have an effect on the sensitivity, since calcium chloride 
at similar calcium levels greatly increases (by about 4 times) the 
amounts of potassium necessary to give detectable lines (Fig. 2), 
while calcium nitrate gave results comparable to those found with 


0.15 MGK + 60 MG. CA 
ENAMEL 

ENAMEL + FE 

DENTINE 

0.05 MG.K + 60 MG. CA 
BONE 


NO K+60 MG. CA ’ 





Fic. 1. Portions of are spectra from about 3360 A. (left) to 4150 A. 
(right), showing location of potassium doublet at 4044 and 4047 A. (arrow). 
In A, F, and G are shown the spectra from 0.2 ml. samples of solution con- 
taining 60 mg. of calcium per ml. and various levels of potassium. In B, 
D, and F are given the spectra from comparable amounts of enamel, dentin, 
and bone, respectively. In C is shown the effect of traces of iron; the 
1046 A. line of iron masks the potassium doublet. In G, a part of the 


eyanogen band may be faintly seen just above the arrow. 


calcium phosphate. Furthermore, one sample of calcium phos- 
phate (No. 322 (16)), which gave questionable evidence of potas- 
sium when burned as taken from the bottle, gave unmistakable 
positive evidence when dissolved in concentrated hydrochloric 
acid and then dried before burning. The acid used gave no evi- 
dence of potassium but something in the acid treatment must 
have “activated” the potassium in the calcium phosphate. The 
significance and mechanism of this action are not understood. 
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Enamel, dentin, and bone all show potassium lines; the lines in 
enamel seem somewhat stronger than in the other tissues, indicat- 
ing a higher potassium content. These spectra (Fig. 1, B, D, FP) 
compare roughly with that given by a solution containing 60 mg. 
of calcium and 0.05 mg. of potassium per ml. (Fig. 1, 2). In order 
to estimate more accurately the potassium content of enamel a 
series of preparations was made in which the relative amount of 
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Fic. 2. At least five spectra made on each member of several series of 
solutions showed negative (—), questionable, i.e. some negative, some 
doubtful (A), and positive (+) evidence of the potassium doublet according 
to the content of the solution in calcium (ordinate) and in potassium 
(abscissa). Increasing the calcium phosphate, nitrate, or chloride content 
of the solution, increased the amount of potassium needed to give ‘‘posi- 
tive’ spectra. The chloride had a greater effect than the phosphate or 


nitrate, as shown by the dotted line through the (+) symbol at one Ca 
level. 


calcium phosphate was increased until no evidence of potassium 
contributed by the enamel could be detected. In this way, it 
was estimated that about 0.3 per cent of potassium occurs in the 
enamel; this value compares favorably with the results of chemical 
analyses. 

In the spectra of certain samples of enamel, a prominent inter- 
fering line was discovered (Fig. 1, C) and identified as an iron line 
(4046 A.). These enamel samples had been obtained by powder- 
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ing whole teeth in a steel mortar and subsequently separating the 
enamel and dentin by centrifugal flotation (17). Although con- 
taminating bits of iron are routinely removed in large part by the 
use of a magnet, a few micrograms of iron weve inevitably left 
behind which were sufficient to mask the much weaker potassium 
lines. Enamel samples which gave no evidence of the 4046 A. 
iron line, as illustrated in Fig. 1, B, were obtained by heating a 
whole tooth in a Bunsen flame and then giving the crown a light 
tap. Sizable pieces of enamel fracture off and are frequently 
practically free of dentin. 

The significance of the occurrence of potassium in the calcified 
structures is obscure. The percentages of potassium present are 
practically identical with the over-all percentage of potassium in 
the whole body (0.25 per cent (18)). The potassium is perhaps 
adsorbed on the crystalline particles of hydroxyapatite; it is well 
known that potassium strongly adsorbs on soil minerals and 
probably on protoplasmic colloids; furthermore, hydroxyapatite 
is an excellent adsorbent for many substances. The potassium 
of the calcified tissues might serve as a reservoir to assist in the 
maintenance of a constant level of potassium in the other tissues. 


SUMMARY 


Potassium has been found spectrographically in bone, enamel, 
and dentin. Enamel contains about 0.3 per cent of potassium; 
in order of potassium content, enamel > dentin > bone. In- 
creasing amounts of calcium salts, e.g. calcium phosphates, increase 
the amounts of potassium needed to give detectable lines in the 
spectra. 
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Evidence so far submitted regarding the presence of adenosine 
triphosphate in nerve tissue is of an indirect nature, isolation of 
the compound itself having as yet not been reported. The amount 
of organic phosphorus hydrolyzed in n HCl at 100° in 7 or 15 
minutes has been used as a measure of the adenosine triphosphate 
content of nerve tissue by a number of workers (1-8).!. Two of 
these investigators (6, 8) determined the hydrolyzable phosphorus 
on the fraction of the trichloroacetic acid filtrate precipitated by 
barium or calcium in alkaline solution. 

Pohle (9) isolated adenylic acid from brain by the procedure 
used by Embden and Zimmermann (10) for the isolation of this 
compound from muscle. From brain tissue removed from horses 
1 hour after death he obtained a crystalline compound with a 
phosphorus to nitrogen ratio and melting point corresponding 
to those of myoadenylic acid. 

The procedure recently published from this laboratory for the 
preparation of adenosine triphosphate from muscle (11) when 
applied to brain yields a product identical with that prepared 
from muscle. 


Procedure 
For each preparation 350 to 500 gm. of brain (seven to ten small 
dogs) were used. After removal of the skull cap under amytal 


We are acquainted with the articles published in Russian journals 
(4-7) only through the summaries found in Chemical Abstracts. 
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anesthesia, the brain was scooped out with a spoon, transferred to a 
tared flat bottomed enamel dish containing iced 20 per cent tri- 
chloroacetic acid, and crushed as rapidly as possible with a gold- 
plated potato masher. The interval between cutting the blood 
supply and crushing the brain was from 3 to 5 seconds. When all 
the brains had been fixed in the acid, their weight was determined 
by reweighing and then sufficient water and trichloroacetic acid 
were added to make the final dilution 1:5 and the acid concentra- 
tion about 8 per cent. To the filtered extract NaOH was added to 
render the solution approximately neutral (alkaline to methyl 
red, but not to phenolphthalein), and the precipitated phosphates 
were removed by centrifugation. Acetic acid was then added to 
a concentration of 0.2 per cent followed by 0.05 volume of 20 per 
cent mercuric acetate solution to precipitate the nucleotide. From 
this point the procedure was identical with that which we de- 
scribed for the preparation of the dibarium salt of adenosine tri- 
phosphate from muscle (11). 

From 457 gm. of brain (nine dogs) 0.319 gm. of the salt (air- 
dried for 2 days) was obtained. When the substance was dried 
over P.O; at 100° for 6 hours, 16.4 per cent of water (based on the 
anhydrous preparation) was lost, equivalent to 7.12 molecules of 
H,O. The dehydrated preparation had a composition agreeing 
with that calculated for the anhydrous dibarium salt.’ 

C1 0H y2013N5P3Baz (777.88) 


Calculated. C 15.43, H 1.56, N 9.00, P 11.97, Ba 35.3 
Found. * Sad. 2 eee. ane, ae 


The proportion of phosphorus hydrolyzed in 15 minutes at 100° 
in N HCl was 67.3 per cent of the total. The presence of pentose 
was indicated by the reaction with orcinol. Purine nitrogen, 
determined after 15 minutes acid hydrolysis (12), was found to 
be 8.70 per cent or 99.8 per cent of the total nitrogen. The purine 
was identified as adenine by conversion to the picrate. For this 
purpose 86.5 mg. of the anhydrous dibarium salt were hydrolyzed 
for 20 minutes in N HCl at 100°. After removal of barium as sul- 


*? Even after repeated plating the acid dissolved some iron from the 
masher, but this was removed in a later stage of the procedure. 
’ The methods of analysis were the same as described in an earlier pub- 


lication (11). 
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fate, the solution was neutralized and the purine precipitated as 
the cuprous bisulfite complex by the method of Hitchings (13).* 
After removal of copper as cuprous sulfide the solution was evapo- 
rated to dryness and the residue dissolved in 6 cc. of water. On 
addition of 0.5 volume of saturated sodium picrate solution (ac- 
cording to Hitchings) a yellow precipitate having the crystalline 
form of adenine picrate separated. The precipitate, washed 
on a sintered glass filter and dried at 78° over PO; in a vacuum, 
weighed 37 mg., a yield of 91.5 per cent of the 40.5 mg. theoretically 
obtainable. These crystals, when heated at a rate of 1° in 3 
seconds, as recommended by Vickery and Leavenworth (14), 
melted sharply at 289° simultaneously with adenine picrate pre- 
pared from pure adenine. 

Cy,HsN 307 (364.24) 

Calculated, C 36.27, H 2.21; found, C 36.13, H 2.49 

In order to secure evidence as to whether the nucleotides of 
brain and of muscle are identical, adenylic acid was prepared from 
the adenosine triphosphate of brain and compared with muscle 
adenylic acid similarly prepared. ‘The dibarium salt of adeno- 
sine triphosphate was first secured from 2770 gm. of brain (55 
dogs) as described above, 2.5 mm being obtained. This was 
subjected to alkaline hydrolysis and the resulting adenylic acid 
purified by the procedure we described for the preparation of 
myoadenylic acid (15). After drying at 70° in a vacuum over 
P,Os, the compound had a composition agreeing with that cal- 
culated for adenylic acid. 

Cyo0H,4O7N5P (347.27) 

Calculated, P 8.93, N 20.17; found, P 9.03, N 20.30. 

When the substance was heated at a rate of 1° in 12 seconds, the 
crystals darkened very slightly at 186°, melted at 189.5°, and 
decomposed with effervescence at 190°. A mixture of this prepara- 
tion with muscle adenylic acid prepared in the same way also 
darkened at 186°, melted at 189°, and decomposed at 190°. Thus 
the identity of the adenine nucleotides of muscle and brain is 
indicated. 

Preliminary quantitative studies made on brain frozen in situ 


* See foot-note 10 in the paper of Kerr (12). 
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with liquid air show a content of purine nucleotide nitrogen aver- 
aging 20.9 mg. per 100 gm., of which approximately 91 per cent is 
adenine and the remainder hypoxanthine. All of this nitrogen 
is precipitated by mercuric acetate; hence the mercury precipitate 
must contain all of the organic acid-hydrolyzable phosphorus® 
attached to nucleotide (the so called pyrophosphate fraction), 
The amount found in the mercury precipitate averages 16.5 mg. 
of phosphorus per 100 gm. of brain, representing 80 to 94 per cent 
(average about 90) of the acid-hydrolyzable phosphorus of the 
original filtrate. From 63 to 65 per cent of the organic phosphorus 
in the mercury precipitate is hydrolyzed by n HCl in 15 minutes 
at 100°, whereas with pure adenosine triphosphate 67.2 to 67.9 
per cent is hydrolyzed under the same conditions (11). This indi- 
cates that the nucleotide in brain lacks not more than 7 per cent 
of the phosphate required for adenosine triphosphate. 

With the assumption that the acid-hydrolyzable organic phos- 
phorus precipitated by mercuric acetate measures the maximum 
content of adenosine triphosphate in brain, the yield obtained in 
our preparations of the pure compound has been 50 to 70 per cent, 
the higher yield being obtained with the largest preparations (650 
gm. of brain). 

Further studies on the content of adenosine triphosphate and 
its derivatives in brain and the changes which occur during autoly- 
sis are in progress. 


SUMMARY 


Adenosinetriphosphoric acid was isolated as the dibarium 
salt from dog brain with a yield of 70 per cent. By alkaline hy- 
drolysis of the triphosphate crystalline adenylic acid was prepared, 
with a melting point identical with that of myoadenylic acid. A 
mixture of the two showed no depression of the melting point. 
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Following the isolation of estrone from the urine of pregnant 
women by Doisy, Veler, and Thayer (1), by Butenandt (2), and 
by Laqueur, Dingemanse, and Kober (3), this ketonic estrogen 
was considered to be the hormone of the ovarian follicle. In 
1936, however, MacCorquodale, Thayer, and Doisy (4) identified 
a-estradiol as the principal estrogenic hormone of the liquor folli- 
culi of the sow ovary. Although the follicular hormone has not 
yet been isolated from the ovary of any other species, a-estradiol 
has been accepted as the follicular hormone of mammals in general. 
As a consequence, estrone has come to be considered a product of 
the metabolism of a-estradiol in the body. 

The chemical relationship of the two estrogens was established 
by Schwenk and Hildebrandt (5) by the catalytic reduction of 
estrone to estradiol, but, because both the urine and the ovaries 
of the same species have not been studied, the evidence for their 
metabolic relationship remains circumstantial. If estrone could 
be isolated from the urine of an animal to which a-estradiol had 
been administered, the fate of the latter compound would be in 
part elucidated. Conversely, one of the possible sources of 
urinary estrone would be experimentally established. 

Westerfeld and Doisy (6) measured the estrogenic activity of 


* This work was supported by grants from the Committee for Research 
in Problems of Sex of the National Research Council, grant administered 
by Dr. William C. Young; from the Rockefeller Foundation; and from the 
Fluid Research Fund of Yale University School of Medicine. 
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the phenolic fraction of the urine of monkeys to which a-estradiol 
had been administered. Using normal, castrate, and castrate- 
hysterectomized animals they found that 30 to 45 per cent of the 
excreted estrogens was present in the ketonic portion. The ab- 
sence of ovaries or uterus seemed to have no influence on the trans- 
formation of estradiol to ketonic estrogens. 

After the administration of a-estradiol to estrous, hysterecto- 
mized-estrous, pregnant, or pseudopregnant rabbits, Pincus (7) 
was able to detect estrone in the urine by means of a modified 
Kober colorimetric assay. On the other hand, he found no evi- 
dence for the presence of estrone in the urine of ovariectomized 
rabbits injected with a-estradiol and concluded that the ovaries 
are essential to the conversion. 

In a preliminary communication (8), we reported the isolation of 
estrone from the urine of ovariectomized guinea pigs to which 
a-estradiol had been administered. A more detailed account of 
that work as well as experiments involving normal female and 
normal male guinea pigs is presented here.' 


Materials and Methods 


Four or five mature guinea pigs were used in each of the ex- 
periments reported. One experiment was performed on normal 
females, three on long time ovariectomized females, and one on 
normal males. 

a-Estradiol, in the form of the dipropionate, was administered 
either subcutaneously in corn oil solution (Experiments 2 and 4) 
or orally in gelatin capsules (Experiments 1, 3, and 5). 

The urines were collected under toluene during the period of 
administration, which varied from 1 to 5 days, and for the follow- 
ing 4 or 5 days. The metabolism cages were then rinsed with 10 
per cent hydrochloric acid, and the specimens and washings pooled 
and immediately hydrolyzed and extracted (10). 

The vaginal smear test on mature, spayed mice was used for all 
assays of estrogenic activity, proestrous, estrous, and metestrous 
smears being considered positive. Atleast ten and usually twenty 
mice were used for each determination. All values are expressed 


1Since the completion of this paper a report, by Heard and Hoffman 
(9), in which the conversion of estradiol to estrone in man is described, has 
come to our attention. 
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in international units (i.v.), the activity of 0.1 y of estrone. The 
range of variation with this method of assay is +40 per cent. 

In Experiment 1 the beginning of estrus of the guinea pig was 
determined by observations of the copulatory response (11) made 
at hourly intervals. 


EXPERIMENTAL 
The results of the five experiments reported in this communica- 
tion are summarized in Table I. The following description will 


TaBLe I 


Recovery of Estrogens in Urine of Guinea Pigs Following a-Estradiol 
Dipropionate Administration 
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1 | 4 Qt) 400f /120,000 110,000/10,000| 4.2 | 10 | 254-255) 215-216 
2 | 5 QI) 250§ | 70,000 3.9 | 5 | 242-245) 211-214 
3 | 5 2 ||| 500t | 96,0001,000,000/45,000} 2.7 | 12 | 256-257) 215-217 
4 1/5 Qi 0.5§ 160 960/ 150) 4.5 
5 | 5 @ | 500¢ [150,000 39, 000)18,000} 4.2 | 12 | 257-258) 214-215 





* Melting point determinations of mixtures with authentic estrone and 
estrone benzoate were made in all cases. In no instance was the melting 


point depressed. 
t In luteal phase of cycle. 
t Orally. 
§ Subcutaneously. 
|| These were spayed animals. 


serve to illustrate the techniques employed throughout these 
experiments. 

Experiment 1. Administration of a-Estradiol to Normal Female 
(Guinea Pigs—50 mg. of a-estradiol dipropionate were administered 
orally to each of four mature, normal, female guinea pigs 10 to 12 
hours after the beginning of estrus. 24 hours later a similar dose 
was given. The urine was quantitatively collected for a total of 6 
days following the initial administration. Myers, Young, and 
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Dempsey (12) found that ovulation occurs about 10 hours after 
the beginning of estrus in this species. Therefore, at the time of 
the first administration or soon after, the guinea pigs were in the 
luteal phase of the cycle. 

The benzene-soluble portion of the acid-hydrolyzed urine was 
dissolved in ether and extracted with a saturated solution of 
sodium bicarbonate to remove acidic compounds. The phenolic 
compounds were separated by washing the ether, first with 0.1 n 
sodium hydroxide, and then with 10 per cent aqueous sodium 
hydroxide. The alkaline solutions of phenolic substances were 
acidified with 16 per cent sulfuric acid and reextracted with ether. 
In each case the ether was washed with water, evaporated, and the 
residue dried by distilling absolute ethanol from it under reduced 
pressure. 

The residue soluble in 10 per cent sodium hydroxide was sep- 
arated by the Girard-Sandulesco reagent (trimethylacethydrazide 
ammonium chloride) into ketonic and non-ketonic fractions (13). 
The ketonic fraction, which contained 120,000 1.v. of estrogenic 
activity, consisted of almost colorless, crystalline material. After 
one crystallization from absolute methanol, a crop of approxi- 
mately 10 mg. of crystals, m.p. 254-255°, was obtained. A mix- 
ture of this compound with a sample of authentic estrone (m.p. 
256-258°) melted at 256-257°. The benzoate melted at 215 
216° and when mixed with estrone benzoate (m.p. 215-217°) it 
melted at 215-217°. All melting points are uncorrected. 

DISCUSSION 

The chemical nature of the ovarian follicular hormone and its 
urinary metabolites in the guinea pig is not known. Although it 
cannot be assumed that a-estradiol, the principal follicular hor- 
mone of the sow, is native to the guinea pig, it is clear that this 
species is capable of converting this compound to the less active 
estrogen, estrone, and excreting the latter in the urine. This con- 
version involves the oxidation of the secondary alcohol group at 
carbon atom 17, a process which has been observed in the con- 
version of testosterone to androsterone and its isomers (13-16). 
This oxidation can proceed in the absence of both the ovaries and 
the uterus but the possibility that these organs may be involved 
in this conversion in normal female guinea pigs is not excluded. 
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The occurrence of estrone in the ovary of the sow (17) may in- 
dicate either secretion of this estrogen by the follicle or the conver- 
sion of estradiol to estrone in the ovary. However, Heller (18) 
was unable to demonstrate, in in vitro experiments, either partial 
or complete inactivation of a-estradiol by ovarian tissue from rats; 
and the answer to this question must await work on the synthesis 
of estrogens in the ovary. 

Thus far only estrone has been isolated following a-estradiol 
administration, although assays showed that both the non-ketonic 
fraction soluble in 10 per cent sodium hydroxide and the fraction 
soluble in 0.1 N sodium hydroxide contained considerable amounts 
of estrogenic activity. Elucidation of the chemical nature of the 
estrogenic material in these fractions is being carried out at the 
present time. 

In Experiment 4, in which a comparatively small dose of a-es- 
tradiol was administered, the recovery of estrogenic ketones soluble 
in 10 per cent sodium hydroxide was comparable to the recoveries 
in the four experiments in which large doses of this estrogen were 
given. 


SUMMARY 


The biological relationship between a-estradiol and estrone is 
experimentally established by the isolation of the latter from the 
urine of guinea pigs to which a-estradiol dipropionate was ad- 
ministered. Because this conversion occurs in normal and ovari- 
ectomized female and in normal male guinea pigs, the ovaries and 
uterus are shown to be non-essential to the process. The pos- 
sibility that these organs are involved in this conversion in normal 
female guinea pigs is not excluded. The data indicate that the 
mechanism involved in the transformation is not influenced by the 
route or the magnitude of the dose of estrogen administered. 


We wish to acknowledge our indebtedness to Ciba Pharmaceu- 
tical Products, Inc., for the supply of estradiol dipropionate and 
estrone benzoate, and to the Schering Corporation for estrone. 
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THE CHEMISTRY OF THE LIPIDS OF TUBERCLE BACILLI 
LXIV. CONCERNING PHLEIMYCOLIC ACID* 


By ROBERT L. PECKt anv R. J. ANDERSON 
(From the Department of Chemistry, Yale University, New Haven) 


(Received for publication, March 31, 1941) 


It has been shown in a series of investigations in this Laboratory 
during the past several years that the so called wax fractions of 
the acid-fast bacteria are composed mainly of hydroxy acids of 
very high molecular weight combined with carbohydrates or poly- 
saccharides. In addition to these constituents the waxes yield 
on saponification small amounts of lower fatty acids and certain 
characteristic higher alcohols. However, the principal ether- 
soluble component is always a high molecular weight hydroxy acid. 

In order to distinguish the hydroxy acids, which are specific 
metabolic products of the acid-fast bacteria, they were designated 
by the name mycolic acid. The first acid thus designated was 
isolated from the wax of the human tubercle bacillus (1). The 
corresponding acid isolated from the bovine tubercle bacillus was 
called bovine mycolic acid (2). Two hydroxy acids isolated from 
the wax of the avian tubercle bacillus were called avian a- and 
8-mycolic acids (3), while an acid of similar properties isolated 
from the firmly bound lipids of the avian bacillus was called avian 
y-mycolic acid (4). 

The mycolic acids are either saturated compounds or they may 
have low iodine numbers and they possess peculiar and interesting 
properties. They are dextrorotatory and they are acid-fast. In 
fact they are the only substances that we have been able to isolate 
from acid-fast bacilli that possess the property of acid-fastness. 


* The present report is a part of a cooperative investigation on tubercu- 
losis; it has been supported partly by funds provided by the Research 
Committee of the National Tuberculosis Association. 

t Holder of a National Tuberculosis Association Fellowship at Yale 
University, 1940-41. 
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When the mycolic acids are heated under reduced pressure to 
temperatures between 250-300°, they decompose with the libera- 
tion of a saturated fatty acid which distils off, leaving a non- 
volatile residue which is unsaturated. 

The human and bovine mycolic acids yield on pyrolysis normal 
hexacosanoic acid, whereas avian a-mycolic acid yields a branched 
chain pentacosanoic acid and the avian 6-mycolic acid gives the 
normal tetracosanoic acid. Avian y-mycolic acid gave a branched 
chain tetracosanoic acid. It is evident, therefore, that the several 
mycolic acids differ in chemical constitution although they show 
many properties in common. 

In an analysis of the wax of the timothy bacillus by Pangborn 
and Anderson (5) it was found that the principal ether-soluble 
constituent was an unsaturated dibasic hydroxy acid corresponding 
approximately to the formula C7Hj3s0., m.p. 56-57°, [a], in 
CHCl; = +6.1°, iodine number 15.2. It contained one hydroxyl 
group but no methoxyl could be detected. 

We have now reinvestigated this acid and have found that it 
resembles the mycolic acids in some of its properties and we 
propose, therefore, to designate it by the name phleimycolic acid. 
We were particularly interested to determine whether the acid 
would decompose on pyrolysis in the same manner as the other 
mycolic acids. In this case it was deemed advisable to investigate 
the pyrolysis reaction of the methyl ester of the acid rather than 
the free acid, because the latter readily undergoes lactone forma- 
tion. It was found that the methyl ester of phleimycolic acid 
decomposed smoothly on heating under reduced pressure between 
250-280° and yielded a crystalline distillate and a non-volatile 
residue. Both products were neutral in reaction, thus showing 
that the methyl ester had decomposed without liberating any 
free acid, 

The methyl ester which distilled over gave on saponification a 
erystalline acid which corresponded in composition and molecular 
weight to a tetracosanoic acid, CyH4s02. The acid crystallized in 
compact branching forms and melted at 75-76°. The peculiar 
crystal form and the low melting point would indicate that the 
acid possessed a branched chain structure. 

The non-volatile residue after pyrolysis had a higher iodine 
number than phleimycolic acid and on saponification a mixture 
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of unsaturated non-crystalline acids was obtained which could not 
be separated into definitely pure compounds but the fractions ob- 
tained differed in properties and composition. 

Phleimycolic acid is undoubtedly a mixture of two or more acids 
which possess very similar solubilities and which cannot be sep- 
arated by the ordinary methods of purification. The complete 
separation of such a mixture into pure components must await the 
development of new methods of purification. The simplest for- 
mula of phleimycolic acid calculated from the carbon and hydro- 
gen values is C7oHiss0¢. An acid of this formula, assuming one 
double bond, should have an iodine number of 23.6. The iodine 
number of the methyl ester was 16.6, which is only about 70 per 
cent of the theoretical value, thus indicating that about 30 per 
cent of a saturated acid is present. 

The pyrolysis reaction yielded 25.36 per cent of an ester of a 
tetracosanoic acid. The dimethyl ester of an acid of the formula 
CroHi3s0¢ should yield 34.6 per cent of a methyl tetracosanoate on 
pyrolysis if 1 molecule of ester were liberated. The yield, there- 
fore, was only about 73 per cent of the theoretical value, which is 
about the same as the difference between the found and theoretical 
iodine numbers. It would appear, therefore, that only one of the 
component acids of phleimycolic acid undergoes splitting on 
pyrolysis. 

Although our results indicate that the acid is a mixture, the 
name phleimycolic acid seems justified. When the mixture can 
be resolved into pure acids, the components may be designated 
by prefixes such as a and 8. 

EXPERIMENTAL 

A sample of the purified wax of the timothy bacillus prepared 
by Pangborn and Anderson (5) was used in the present investiga- 
tion. Since we were only concerned with obtaining a sufficient 
quantity of the dibasic acid, no attempt was made to purify the 
other cleavage products which are liberated on saponification. 
For saponification 13.3 gm. of the wax were dissolved in 300 cc. 
of benzene and 2 gm. of potassium hydroxide dissolved in 25 ce. 
of methyl alcohol were added. The solution which turned cloudy 
on addition of the alkali was refluxed in an atmosphere of nitrogen 
for 9 hours, after which it was evaporated nearly to dryness. 
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The residue was transferred to a separatory funnel, acidified with 
hydrochloric acid, and extracted with ether. The ethereal extract 
after being washed with water until the washings were neutral 
was dried over sodium sulfate, filtered, and concentrated to a 
volume of about 50 cc. The solution was diluted with 100 ce. of 
alcohol and neutralized to phenolphthalein with alcoholic potas- 
sium hydroxide. The potassium salt that separated on cooling 
was filtered off, washed with alcohol, and dried in vacuo. 

The substances contained in the filtrate were recovered and 
weighed 2.51 gm. This mixture of fatty acids and neutral material 
was not further examined. 

The potassium salt obtained as mentioned above was treated 
with hot benzene and after the mixture had cooled the insoluble 
portion was filtered off, washed with benzene, and dried. The 
filtrate and washings were combined, evaporated to dryness, and 
the residue was again treated with hot benzene. The insoluble 
portion was filtered off, washed with benzene, and dried. 

The benzene mother liquor yielded 3.74 gm. of mixed acids 
which were not further examined. 

Isolation of Phleimycolic Acid—The benzene-insoluble potassium 
salts were suspended in ether and decomposed with dilute hydro- 
chloric acid. The free acid was isolated in the usual manner and 
was precipitated twice from hot acetone by cooling. The sub- 
stance weighed 4.73 gm., m.p. 57-60°, neutral equivalent 965. 

The high value for the neutral equivalent was probably due to 
lactone formation. As is shown below, when the free acid is 
rapidly isolated and exposed for a minimum time to the action of 
mineral acid, the neutral equivalent is about one-half of that given 
above. 

The acetone mother liquor on evaporation to dryness left a 
residue which weighed 1.37 gm. The total ether-soluble com- 
pounds amounted, therefore, to 12.35 gm., or about 93 per cent 
of the wax. The water-soluble compounds were not isolated. 

Purification of Phleimycolic Acid—The acid was dissolved in 
ether, an excess of methyl alcoholic potassium hydroxide was 
added, and the solution was refluxed for 1 hour. The solution, 
after it had cooled, was transferred to a separatory funnel, diluted 
with water, acidified with hydrochloric acid, and extracted with 
ether. The ethereal solution was washed free of hydrochloric 
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acid with water, dried over sodium sulfate, filtered, and the ether 
was distilled off. The residue was dissolved in hot acetone and 
the acid was precipitated as fine, colorless globular particles, as 
the solution was cooled. The dried acid was a white amorphous 
powder which weighed 4.65 gm. 

The several operations mentioned above were carried out as 
rapidly as possible in order to avoid lactonization. 

The properties of the acid, m.p. 56-57°, [a], in CHCl; = +6.1°, 
neutral equivalent 477, were similar to those reported by Pangborn 
and Anderson (5). 

The methyl ester was prepared by means of diazomethane and 
purified by precipitation from acetone. It was a white amorphous 
powder, m.p. 49-50°, [a], in CHCl; = +6.5°, iodine number 
16.6, mol. wt. (Rast) 1000. 


Analysis—Found, OH 1.15, OCH; 5.99 


The values found correspond approximately to the calculated 
values for one hydroxyl and two methoxy! groups in a dimethyl] 
ester of an acid having the formula CegHi3¢602(COeCHs)e. 

Pyrolysis of the Methyl Ester—The pyrolysis was carried out in a 
specially constructed all-glass apparatus. The reaction flask was 
connected by a ground glass joint to a small receiver and the latter 
in turn was connected with a trap and absorption tubes for collect- 
ing any water or carbon dioxide that might be liberated during 
pyrolysis. 

The reaction flask containing 1.7574 gm. of the methyl ester 
was heated gradually in an air bath at a pressure of about 2 mm. 
Decomposition began at about 250° and a colorless distillate came 
over and immediately crystallized in the receiver. The tempera- 
ture was raised slowly to 280°, when the reaction appeared to be 
completed. The crystalline distillate weighed 0.4458 gm. equal 
to 25.36 per cent of the ester. There were also obtained 10.8 mg. 
of water and 2.4 mg. of carbon dioxide. The non-volatile residue 
weighed 1.2978 gm. Since the reaction products weighed 1.7568 
gm., it is evident that practically all of the material was recovered. 

Examination of the Distillate—The distillate was neutral in 
reaction, thus indicating that the pyrolysis had yielded a methy! 
ester of a higher fatty acid. The ester after repeated crystalliza- 
tion from benzene, acetone, and methyl! alcohol melted at 55-56°. 








Q4 Lipids of Tubercle Bacilli. LXIV 


It was saponified with alcoholic potassium hydroxide and the free 
acid was crystallized repeatedly from acetone, benzene, petroleum 
ether, and again from acetone. The snow-white crystals weighed 
0.13 gm. The acid crystallized in compact branching forms and 
not in thin plates, as is characteristic of the higher straight chain 
fatty acids. The acid melted at 75-76° and the melt solidified at 
74°. 


A nalysis—C4H 4302 (368) 
Calculated. C 78.26, H 13.04 
Found. ** 78.17, “* 13.16, mol. wt. by titration 367 


The analytical values are in agreement with the calculated com- 
position of a tetracosanoic acid but the peculiar crystal form and 


TABLE I 
Acids from Pyrolysis Residue 


| | 
= M.p. Iodine No. | yd y Carbon Hydrogen Hydroxyl 
ES) \— _ a 
i. | percent | percent per cent 
I 57 25.1 629 79.28 | 12.89 0.95 
II 51-53 25.7 545 79.91 13.10 0.12 


the low melting point would indicate that the acid had a branched 
chain structure. The acid showed no optical activity. 

An acid, m.p. 76-77°, molecular weight by titration 370, isolated 
by Geiger and Anderson (6) after pyrolysis of a hydroxy acid from 
the firmly bound lipids of the leprosy bacillus had very similar 
properties to the acid obtained in the present investigation. A 
mixture of the two acids melted at 75-76° and solidified at 74°. 
Although there was no depression of the melting point, it is uncer- 
tain whether the two acids were identical in chemical constitution. 

It is probable that the tetracosanoic acid described above was 
not the only acid liberated on pyrolysis. The mother liquors 
from which the acid had been crystallized gave on concentration 
fractions that had lower melting points. 

Examination of Non-Volatile Residue after Pyrolysis—The 
residue in the reaction flask was a waxy solid of light straw color 
and it was neutral in reaction. The substance melted indefinitely 
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between 35-40°. It was dextrorotatory and in chloroform solu- 
tion showed [a], = +3.8°. The iodine number was 24.8. 

The substance was dissolved in 40 cc. of ether and the solution 
was diluted with 80 cc. of methyl aleohol. A white precipitate 
which separated as the solution was cooled was filtered off, washed 
with methy] alcohol, and dried in vacuo. This substance, Fraction 
I, was a white amorphous powder which weighed 0.4 gm., m.p. 
42-43°, iodine number 26, mol. wt. (Rast) 729. 

The filtrate was concentrated to a small volume and cooled, 
when a precipitate, Fraction II, separated. The precipitate was 
collected, washed, and dried. It formed a white powder which 
weighed 0.88 gm., m.p. 38—40°, iodine number 24.6, mol. wt. (Rast) 
578. 

The two fractions were saponified separately with alcoholic 
potassium hydroxide. The free acids were isolated in the usual 
manner and purified by several precipitations from ether solution 
by addition of methyl alcohol and cooling. The acids were white 
amorphous powders and their properties and composition are 
given in Table I. 

It will be seen that the two fractions differed in composition and 
properties. The values found for molecular weight, iodine num- 
ber, and hydroxyl value do not agree with any rational formulas. 
It is evident, therefore, that the pyrolysis residue was a mixture 
and this in turn would suggest that the original dibasic acid was a 
mixture also. 


SUMMARY 


The principal ether-soluble component of the wax of the timothy 
bacillus is a dibasic acid corresponding approximately to the for- 
mula C7zoHj3s0¢. The properties of this acid are similar to those 
of the mycolic acids and hence it has been designated by the name 
phleimycolic acid. 

The dimethyl ester of phleimycolic acid when heated under 
reduced pressure decomposes at a temperature of 250-280° with 
the liberation of the methyl ester of a tetracosanoic acid which 
distils off, leaving a non-volatile residue. 

Saponification of the volatile ester yields a tetracosanoic acid, 
CosH4s02, m.p. 75-76°. The acid crystallizes in compact fern- 
like forms and it probably possesses a branched chain structure. 
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The non-volatile residue consisted of the methyl esters of at 
least two different acids which differed in properties and com- 


position. 
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THE QUESTION OF THE PORTAL ABSORPTION OF 
FATTY ACIDS 


By IRWIN C. WINTER anp LATHAN A. CRANDALL, Jr. 
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Medicine, Memphis) 


(Received for publication, March 20, 1941) 


Since the early report of Munk it has been held that while 60 
per cent of ingested fat is absorbed via the lymphatic system, the 
remainder probably passes directly into the portal blood stream. 
Frazer has recently reported a series of ingenious experiments 
(1-3) from which he concludes that fat absorbed into the 
lymphatics is particulate and not hydrolyzed, while hydrolyzed 
fatty acids are absorbed into the portal system and are therefore 
made more directly available to the liver. Cantoni (4) reported 
that portal blood contained more fatty acids than did arterial 
blood, and Eckstein (5) found a definite increase in blood fatty 
acids during fat absorption after diversion of the thoracic duct 
lymph. Brockett, Spiers, and Himwich (6) were, however, 
unable to find a change in the lipid content of the serum of portal 
blood during fat absorption in anesthetized dogs. 

In the study reported here, the angiostomy technique was used 
as a means of investigating the absorption of fatty acids directly 
into the portal blood of unanesthetized, normal animals. It was 
believed that by avoiding the complicating factors of anesthesia 
and operative procedures we might be able to demonstrate the 
presence of an arterio-portal fat difference, if portal absorption 
accounts for a considerable fraction of the absorbed fat. 


Procedure and Methods 


After a period of 24 hours during which all food was withheld, 
samples of blood were drawn from the femoral artery and the 
portal and hepatic veins. 100 ml. of olive oil were then given by 
mouth, and, in the first series of experiments, similar blood samples 
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were obtained at 2 and 5 hours after the administration of the oil. 
In a later series simultaneous samples were drawn from the same 
three sources at only one period during absorption, this time 
varying from 2 to 3.5 hours after the fat meal. All blood was 
oxalated as soon as drawn. 

In the first series the plasma was separated from the blood 
samples and extracted by Bloor’s method (7). Whole blood was 
used instead of plasma in the second group because it was feared 
that there might be an interchange of fatty acids between plasma 
and cells, which has been shown to occur (8), and which might 
make plasma analyses misleading as a measure of fatty acid absorp- 
tion. In addition, the possibility of error inherent in the drawing 
off of centrifuged, lipemic plasma was considered. While an 
effort was made to distribute the creamy top layer throughout 
the plasma, uniform success could not be insured. It was believed 
that a considerable portion of the separated fat was likely to cling 
to the sides of the centrifuge tube as the level of the liquid sank. 
The use of whole blood also overcame any variations which hemoly- 
sis might cause. 

Because the precipitate formed when whole blood is extracted 
by Bloor’s method is not finely divided, and because the extract 
itself contains considerable quantities of non-fatty materials, for 
the extraction of whole blood a variation of the Mojonnier extrac- 
tion method was employed (9). This procedure was chosen be- 
cause it is a standard method for the extraction of lipid material 
from milk, a substance with many of the extraction properties of 
blood, because the extract left no residue on evaporation and sub- 
sequent extraction with petroleum ether (in marked contrast to 
the extract by Bloor’s method), and because of its convenience. 
On comparative analyses of whole blood extracts prepared by the 
Bloor and Mojonnier methods it was found that the fatty acid 
content was invariably higher in the Bloor extract (Table I). It 
was first thought that this higher value was due to the presence 
of petroleum ether-insoluble acid material, but analyses of the two 
extracts after evaporation to dryness and subsequent extraction 
with petroleum ether showed this not to be the case (Table II). 

Cholesterol determinations showed the same degree of variation, 
while lipoid phosphorus analyses indicated that phospholipids are 
extracted equally by both methods. It was impossible to account 
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for the difference in the two extracts except by concluding that 
more fatty acid and cholesterol-containing material is present in 
extracts by the Bloor method than in those by the Mojonnier proce- 
dure. However, the latter method was chosen, since it was shown 
that the ratio between the amount of fatty acids (by titration) 


TABLE I 


Comparison of Bloor and Mojonnier Methods for Extraction of Lipids from 
Whole Blood 














Trial No. | Bloor | Mojonnier | Mojonnier 
a Seve Mivarn PO OME XY... 
mg. per cent mg. per cent 
Total fatty acids l 334 | 259 0.775 
2 230 168 0.730 
3 651 487 0.748 
4 293 216 | 0.738 
5 661 | 468 | 0.708 
Total cholesterol 1 200 146 | 0.730 
2 224 168 0.750 
3 230 168 | 0.730 
Lipoid phosphorus 1 5.4 | 6.0 | 1.10 
2 7.0 7.2 1.03 
TaB_e II 


Effect of Purifying Extracts by Bloor and Mojonnier Methods of Whole Blood 
by Evaporating to Dryness and Reeztracting with Petroleum Ether 








Total fatty acids found, mg. per cent 


Trial No. Bloor Mojonnier 
Original | Reextracted | Original | Reextracted 
1 230 224 168 169 


2 651 651 487 | 479 





extracted by the two methods is a constant, and because the 
Mojonnier extract contains less non-lipid material. 

Mojonnier Method of Extraction—5 ml. of whole blood are placed 
in the special extraction tube,! and, after 5 ml. of distilled water 
and 1.5 ml. of concentrated ammonium hydroxide are added, 
shaken until hemolysis is complete. 10 ml. of 95 per cent ethyl 


' Mojonnier Brothers Company, Chicago. 
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alcohol are then added, and the tube shaken for 30 seconds. Simi- 
lar periods of shaking follow the addition of 25 ml. of ethyl ether 
and of 25 ml. of petroleum ether. The tube is then allowed to 
rest until separation into a water and an ether phase is complete, 
after which the ether layer is decanted into a 100 ml. volumetric 
flask—a procedure accomplished with great ease when the special 
extraction tube is used. A second extraction is then made, the 
tube being shaken for 20 seconds each after the addition of 5 ml. 
of alcohol, 15 ml. of ethyl ether, and 15 ml. of petroleum ether. 
The two phases are again allowed to separate, the ether layer 
poured into the volumetric flask, the whole made to volume with 
alcohol, and aliquots taken for analysis. 

A modification of the Stoddard and Drury (10) titrimetric 
method was used for the estimation of fatty acids in all extracts, 
Aliquots, placed in 125 ml. Erlenmeyer flasks were saponified 
by evaporation just to dryness on the water bath after the addition 
of 0.5 ml. of 50 per cent potassium hydroxide in water. The time 
of saponification was adjusted to 20 to 30 minutes by the addition 
of appropriate amounts of alcohol. The resulting soaps were 
dissolved in 10 to 15 ml. of distilled water, the solution acidified 
with 15 per cent hydrochloric acid, and solid sodium chloride added 
to make not less than a 3 per cent solution. The separation of the 
fatty acids was further aided by allowing the flasks to remain in 
the ice box overnight. Following this, the fatty acids were filtered 
on No. 3 sintered glass filters, with no suction, and the flasks and 
filters washed five times with a 3 per cent sodium chloride solution. 
When the last washing had drained through the filters, the latter 
were placed over the original 125 ml. Erlenmeyer flasks and a 10 
to 20 ml. portion of boiling alcohol allowed to pass through the 
filters into the flasks. After two further washings with 5 ml. of 
ethyl ether and a final one of boiling alcohol, the flasks containing 
the purified fatty acids (dissolved in alcohol and ether) were placed 
on the water bath until the ether had largely been evaporated. 
The alcohol solution was then titrated hot with 0.02 n sodium 
hydroxide, with o-cresolphthalein as an indicator. Fatty acids 
were calculated according to the formula 


Fatty acids in mg. % = = (A — B) 269 


where y equals the amount of plasma or whole blood in ml. in the 
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aliquot, A equals the titration of the aliquot in ml. of 0.02 n sodium 
hydroxide, and B equals the titration of the blank. 269 is a con- 
version factor derived from the molecular weight of palmitic acid. 

The standard deviation of the differences between 129 duplicate 
analyses is +12.5 mg. For the average of duplicates the standard 
deviation becomes +8.9 mg. We therefore accept 18 mg., or 5 
per cent of the average blood fat concentration, as the maximum 
error attributable to the method. 

To determine whether or not significant differences between the 
fatty acid content of arterial and portal blood occurred in these 
experiments, the portal-arterial difference of each determination 


TasB.e III 
Mean Plasma and Whole Blood Portal-Arterial and Hepatic Inflow-Outflow 
Differences in Fatty Acid Content 
The animals were fasted 24 hours, after which 100 ml. of olive oil were 
given by mouth. 
The results are expressed in mg. per cent. 





Plasma (6 experiments) Whole blood ye experi- 





Hrs. after fat meal 























0 2 5 0 2-3.5 
Portal-arterial 0+5.41;9+4.8) —244+418.2|}3+41.7| —-2+2.2 
differences 
Hepatic inflow- }6+5.9)347.4; —-6410.4)24+2.6/ -1+3.6 
outflow | 





was calculated. The mean difference for all determinations was 
found, and the standard error of the mean calculated by the usual 
method. The liver inflow-outflow differences were calculated 
similarly (individually, for each determination) by assuming that 
the portal blood contributes three-fourths and the hepatic artery 
one-fourth of the total inflow and by subtracting the hepatic venous 
value from the weighted average. The standard errors of the 
average inflow-outflow differences were also determined. 
All determinations were made in duplicate. 


DISCUSSION 


From Table III it will be seen that in the first group of experi- 
ments, in which plasma was used, there was an indication that 
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at the 2nd hour of fat absorption the portal blood plasma con- 
tained more fatty acid than did arterial plasma. The mean differ- 
ence is 1.9 times its standard error, which approaches a significant 
value. The number of animals used in this series of experiments 
is, however, too small to allow any conclusion to be drawn from 
such values. 

For the reasons outlined earlier the second series, in which 
whole blood was used and in which the number of experiments 
was increased, is thought to form a considerably sounder basis 
from which to draw conclusions concerning the portal absorption 
of fatty acids. In Table III it may be seen that the portal-arterial 
fatty acid difference during fat absorption was no greater than 
that found in the fasting state, and in neither the fasting nor 
absorptive states were the mean values significantly larger than 
their standard errors. These data are considered strong evidence 
against the possibility of demonstrating direct portal absorption 
of fatty acids by the usual quantitative means. 

The quantity of fatty acids which might have been absorbed 
directly into the portal blood stream and escaped detection by 
the methods used in this study may be roughly calculated. Thus, 
from Table III, a portal-arterial fatty acid difference of 7 mg. per 
100 ml. of whole blood would be the lowest significant difference. 
If the value of portal blood flow of 13 liters per 10 kilos of dog 
weight per hour given by Blalock and Mason (11) is accepted, a 
portal absorption rate of 0.9 gm. of fatty acids per hour could be 
detected under the conditions of the experiments presented in this 
paper. If fat absorption is complete in 10 hours (a purely arbi- 
trary figure, but probably a conservative estimate (12)), a portal 
absorption of 9 gm. of fatty acids could be detected. This value is 
approximately 10 per cent of the fat meal fed in the present ex- 
periments. Thus, roughly, a direct portal absorption of less than 
10 per cent of absorbed fat would be undetectable, and conversely, 
direct portal absorption of over 10 per cent of the fat meal would 
be detectable. Certainly the portal absorption of 40 per cent of the 
total, a figure commonly given as the amount not accounted for 
after collection of lymph, could be easily detected. 

No significant hepatic inflow-outflow differences were found in 
either series of experiments (Table III), although there is abundant 
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evidence that during fat absorption fatty acids accumulate in 
the liver (13-15). Such accumulation is quantitatively minor and 
is probably a relatively slow process, which could not be detected 
by the procedure used here. 

Whether qualitative arterio-portal and hepatic inflow-outflow 
differences in fatty acids during fatty acid absorption can be 
determined remains to be demonstrated. 


SUMMARY 


1. By use of the angiostomy technique in normal unanesthetized 
dogs, simultaneous blood samples were drawn from the portal and 
hepatic veins and the femoral artery before and during fat absorp- 
tion. In different series of experiments, plasma and whole blood 
from these samples were analyzed for fatty acids. 

2. An adaptation for whole blood of the Mojonnier method for 
the extraction of lipids from milk is described, and a comparison 
between the quantities of fatty acids, total cholesterol, and lipoid 
phosphorus extracted by this method and that of Bloor is given. 

3. With a titrimetric method for the determination of fatty 
acids, with which a majority of duplicate analyses check within 
3 per cent, no significant arterio-portal or hepatic inflow-outflow 
differences in fatty acid content could be demonstrated during 
fat absorption. 

4. Calculation shows that if 10 per cent of the fed fat had been 
absorbed by way of the portal vein, it is highly probable that an 
arterio-portal difference would have been detected. 
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In a previous paper (1) it was reported that certain non-hemoly- 
tic streptococci from the human throat are capable of synthesizing 
large amounts of a carbohydrate from sucrose and raffinose. 
These organisms seem to be similar to those studied by Oerskov 
and Poulsen (2). When grown on the surface of agar containing 
5 per cent sucrose or raffinose, large mucoid colonies are produced 
which are about the size and appearance of the colonies formed by 
most varieties of the genus Rhizobium. Upon detailed study 
these slime producers were found to be typical strains of Strepto- 
coccus salivarius. 

This ability to produce very large mucoid colonies is possessed 
by no other recognized species of streptococcus, with the exception 
of occasional strains of Streptococcus bovis. From a large collection 
of Streptococcus bovis cultures only one strain was able to produce 
large mucoid colonies which were similar in appearance to those 
formed by Streptococcus salivarius; three other cultures synthesized 
a carbohydrate but the surface colonies on sucrose agar were 
tenacious and dry and were much smaller than the large, moist, 
soft, mucoid colonies produced by Streptococcus salivarius. 

Oerskov (3) reported on the chemical properties of a carbo- 
hydrate synthesized by a streptococcus which he isolated from the 
mesenteric glands of a mouse. His findings indicate that the 
carbohydrate was a dextran. The present paper is a report on the 
chemical nature of the carbohydrates produced by strains of 
Streptococcus salivarius and Streptococcus bovis. 

105 














106 Synthesis of Polysaccharides 


Purification 

A representative slime-producing strain of Streptococcus sali- 
varius was grown in a medium containing | per cent tryptone, 8 
per cent sucrose, and 0.2 per cent K,HPQO,. The acid produced 
was neutralized intermittently, as formed, with 1 m NaOH. 
After acid production ceased (about 5 days at 37°), the bacterial 
cells were removed by centrifugation. The polysaccharide was 
precipitated from the supernatant liquid medium by the slow 
addition of alcohol with constant and vigorous agitation, 2.5 
volumes of 95 per cent alcohol being added to 1 volume of the 
medium. The polysaccharide precipitates as a white flocculent 
substance which tends to adhere to the walls of the container. 

The polysaccharide was further purified by precipitating aqueous 
solutions with alcohol four successive times. The solution was 
then dissolved in warm water and decolorized with norit, after 
which it was dialyzed in a cellophane tube against running tap 
water overnight. The dialyzed solution was precipitated once 
more with alcohol and then dried overnight at 55° to a transparent 
glass. This glass was ground to a fine powder and dried to a con- 
stant weight at 130°, 1.5 mm. pressure. The polysaccharide is 
very soluble in water, forming a solution which is bluish in reflected 
light and yellowish in transmitted light. It precipitates com- 
pletely in 65 per cent alcohol and is easily hydrolyzed by dilute 
acids. 

The carbohydrate synthesized by Streptococcus bovis is quite 
different in its physical properties, being insoluble in water after 
precipitation with alcohol. A final concentration of 50 per cent 
alcohol is required for complete precipitation. ‘The substance is 
partially soluble in 1 m NaOH, resulting in a turbid suspension; 
as noted later, it is hydrolyzed by acids with great difficulty. This 
polysaccharide, prepared and purified as was the Streptococcus 
salivarius carbohydrate,.was dissolved in 1 mM NaOH after each 
alcoholic precipitation, and decolorized and dialyzed in neutral 
suspension, the carbohydrate being reprecipitated and dried as 


described above. 
EXPERIMENTAL 


When the polysaccharide was dried to constant weight at 100°, 
1.5 mm. pressure, only 92 per cent of the carbohydrate could be 
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accounted for after hydrolysis. When dried at 130° to constant 
weight, the polysaccharide lost about 6.3 per cent of its 100° 
weight, and between 120-125° the powder swelled to about 3 times 
its original volume. When the material was heated to 135°, a 
few drops of distillate were recovered which possessed a typical 
odor of alcohol and gave a strong iodoform test, thus indicating 
that on precipitation with alcohol the polysaccharide may form 
an alcoholate having 1 molecule of alcohol to 4 or 5 constituent 
monosaccharide molecules. 

The unhydrolyzed Streptococcus salivarius polysaccharide does 
not reduce Fehling’s solution. Because of the turbidity of the 
suspension the specific rotation could not be determined accurately, 
but it seems to have a definite negative rotation, [a]” = approxi- 
mately —45° (ec = 0.1 per cent). 

The polysaccharide can be hydrolyzed within 5 hours at 20° 
by 1 m HCl. When hydrolyzed at 70° for 8 minutes, it yielded 
97.3 per cent reducing sugars estimated as fructose by the method 
of Shaffer and Somogyi (4). The Seliwanoff test (Roe (5)) in- 
dicated 95 per cent ketose sugars. The specific rotation after 
hydrolysis, [a]?? = —87.3° (c = 1.5 per cent), indicated 98.5 per 
cent fructose. 

An osazone from the hydrolyzed sample formed within 2 min- 
utes after it was immersed in the boiling water bath, thus indicat- 
ing the presence of fructose. The purified osazone appeared micro- 
scopically as glucosazone and showed a melting point of 205°. 
A micro-Kjeldahl determination on the unhydrolyzed polysac- 
charide yielded a mere trace of nitrogen. 

The evidence points to the conclusion that this soluble poly- 
saccharide is a levan, and this was verified by less extensive studies 
on twenty-five other strains of Streptococcus salivarius, all of which 
synthesized large quantities of what appeared to be the same 
carbohydrate. However, a few of these cultures synthesized a 
second carbohydrate which was insoluble in water, as evidenced 
by ‘a flocculent, gelatinous material which occupied about one- 
third of the volume of the liquid medium. This second carbo- 
hydrate is quite different from the levan, being very insoluble in 
water, but soluble in 1 m NaOH. 2 hours in a boiling water bath 
in the presence of 1 M HCl are insufficient for complete hydrolysis, 
but about 80 per cent of the carbohydrate was accounted for as 
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reducing sugars in the filtrate of the partially hydrolyzed sample. 
Optical rotation methods showed about the same amount, cal- 
culated as glucose. Though the data on this carbohydrate are 
incomplete, it is probably safe to conclude that it contains large 
amounts of glucose. 

The carbohydrate synthesized by a few cultures of Streptococcus 
bovis seemed to be essentially composed of glucose. It does not 
possess the viscous properties of the insoluble carbohydrate from 
Streptococcus salivarius but it is also hydrolyzed with great dif- 
ficulty. Due to the fact that a neutralized aqueous suspension 
is very turbid, accurate polarimetric determinations could not be 
made before hydrolysis. The specific rotation was [a]? = approxi- 
mately +180° (c = 0.1 per cent). A sample hydrolyzed 1 hour in 
1 m HCl at 100° showed a specific rotation approaching that for 
glucose, [a]? = +53.3° (c = 1.0 per cent). About 93 per cent 
of the original carbohydrate was accounted for as reducing sugars 
in the hydrolyzed sample. Practically no nitrogen was demon- 
strated by the micro-Kjeldahl method. 

One culture of Streptococcus bovis was found which synthesized 
minute amounts of a levan from sucrose in liquid media. This 
levan seemed to be identical with that produced by Streptococcus 
salivarius. This culture, however, produced large amounts of the 
dextran in the same medium. 


DISCUSSION 


Harrison, Tarr, and Hibbert (6) reported that certain members 
of the genus Bacillus are able to synthesize a levan from sucrose 
and raffinose. They concluded that this polysaccharide could be 
synthesized only from sugars containing a terminal fructofuranose 
residue in their molecules. If this is the case, we should expect to 
obtain synthesis of the levan from inulin, but no slime is produced 
by Streptococcus salivarius from inulin though it is fermented with 
acid production (1). 

Although immunological tests are not included, it should per- 
haps be noted that Oerskov (3) found the material studied by him 
to be serologically inactive and there is no reason at present for 
thinking that the polysaccharides here considered are related to the 
so called soluble specific substances. 
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SUMMARY 


Many strains of Streptococcus salivarius synthesize a soluble 
levan in large quantities from sucrose and raffinose. A few of 
these strains synthesize an insoluble polysaccharide, having the 
properties of a dextran, in addition to the levan. The production 
of these polysaccharides can be demonstrated either on the surface 
of agar or in liquid media. 

A few strains of Streptococcus bovis are able to synthesize an 
insoluble carbohydrate from sucrose and raffinose which seems to 


be a dextran. 
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In the present paper are described experiments with synthetic 
polysaccharides prepared with muscle, heart, and liver phos- 
phorylase. As judged by solubility properties and iodine colora- 
tions, the muscle enzyme synthesizes a polysaccharide in vitro 
which resembles plant starches, while the heart and liver enzymes 
synthesize a polysaccharide which resembles glycogen (1). It 
will be shown below that these two types of synthetic polysac- 
charides also give different types of x-ray diffraction pattern. 
While this work was in progress, there appeared a report by 
Astbury, Bell, and Hanes (2) in which it was shown that native 
potato-starch granules and polysaccharide granules prepared by 
the action of potato phosphorylase on glucose-l-phosphate give 
the same x-ray diffraction pattern. 


EXPERIMENTAL 


The synthetic polysaccharides were prepared by the action of 
purified phosphorylase on glucose-l-phosphate; the enzymatic 
system has been described in detail (3). An example will suffice 
to illustrate the method of preparation. 2 cc. of a solution, which 
contained 100 mg. of the dipotassium salt of glucose-1-phosphate, 
2.5 mg. of adenylic acid, and 2.5 mg. of glycogen (to prime the 
reaction) and which was adjusted to pH 6.9, were mixed with 5 ce. 
of phosphorylase solution prepared from calf heart. After 50 
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minutes of incubation at 25°, 77 per cent of the added 1-ester had 
disappeared, indicating the formation of 36 mg. of polysaccharide. 
The solution was made strongly alkaline (20 per cent with respect 
to NaOH) and heated for 30 minutes in boiling water. Precipita- 
tion with 50 per cent alcohol, centrifugation, and solution of the 
drained precipitate in water were repeated four times. A small 
amount of water-insoluble material was discarded. The final 
solution was made just acid to Congo paper and frozen at — 10°. 
Since no retrogradation occurred, the material was precipitated 
with alcohol, centrifuged, and dried in vacuo over H.SO,; 23 mg. 
of a polysaccharide were obtained which gave a reddish brown 
color with iodine. The synthetic polysaccharide prepared with 
liver phosphorylase was treated in the same manner; it did not 
retrograde and gave a reddish brown color with iodine. 

The synthetic polysaccharide prepared with muscle phos- 
phorylase when treated in the manner described always showed 
retrogradation. The retrograded material was centrifuged, washed 
with several portions of cold water, and dried in vacuo over 
H.SO,. In some cases the retrograded material was dissolved 
with the aid of heat and a small amount of alkali and retrograded 
a second time. All preparations gave a blue color with iodine. 

In this paper “‘purified” refers to polysaccharides treated in the 
manner described above. ‘The strong alkali hydrolyzes the pro- 
tein which is introduced with the enzyme solution, the alcohol 
precipitations remove most of the salts, and the washing of the 
retrograded material removes the small amount of glycogen which 
is added to prime the reaction. ‘‘Unpurified’’ material is that 
which precipitates in the form of water-insoluble polysaccharide 
granules during enzymatic synthesis with muscle phosphorylase 
(3). This material was washed with several portions of water 
and dried in the desiccator; it contains some adsorbed protein, 
but is free of salts and of the glycogen added to prime the reaction. 

Diffraction photographs were obtained with a gas type tube 
with Cu target and a specimen to film distance of 3 em. in all 
cases. Samples of polysaccharides were held in thin walled 
glass capillaries sealed at both ends in order to prevent changes in 
moisture content. 

Several of the more significant diffraction patterns obtained are 
shown in Figs. 1 and 2. In Fig. 1 are compared a purified syn- 
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thetic muscle polysaccharide pattern (a), and its closest analogue 
among those obtained from granular plant starches, namely the 
tuber- or potato-starch type of pattern (6), both of the materials 
used in this case being air-dried. Fig. 2 shows the patterns ob- 
tained from unpurified synthetic muscle polysaccharide, (a) 
representing material dried in the desiccator (H2SO,4) and (6) the 
pattern obtained after wetting. Much of the diffuse background 
in Fig. 2, b is due to excess water present. 

In Table I all diffraction results of interest in the present con- 
nection are described, together with information regarding solu- 
bility or retrogradability and iodine colors. Several natural 





a. 
. Fig. 2. 


Fic. 1. (a) Synthetic muscle polysaccharide; (6) potato-starch. 
Fig. 2. (a2) Dry synthetic muscle polysaccharide; (6) wet synthetic 


a. 
Fig. 1. 


muscle polysaccharide. 


polysaccharides are included for the purpose of the discussion 
below. In the descriptions of the diffraction patterns given in 
Table I use is made of Katz’s nomenclature. Katz and van 
Itallie (4) designate the typical native cereal (corn-) starch pattern 
as an A spectrum and that of tuber (potato-) starch as a B spec- 
trum. The term C spectrum is applied to any which seem to be 
intermediate between these extreme types. Among. several 
differences between the A and B spectra, the most striking have 
to do with the innermost or so called “1” ring, representing a 
structural period of about 16 A., and with two rather intense rings 
of greater diameter, termed the “6a’’ and “6b” rings. In the A 
pattern the “1” ring is absent and the “6” rings are nearly co- 
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alesced into one, while in the B spectrum the ‘‘1”’ ring is usually an 
outstanding one and the “6” rings are quite widely separated. 
The synthetic muscle polysaccharide preparations exhibit typical 


TABLE I 


Properties of Native and Synthetic Polysaccharides 


Ability to 
retrograde ine 

Nowy mond a x-Ray diffraction pattern 
or solution 


Material 


Purified or unpurified syn- + Blue Typical B pattern; *‘1”’ ring 
thetic rabbit muscle weak when dry; moderate 


polysaccharide to strong when wet 


Native potato-starch gran- + i Typical B pattern; “‘1”’ ring 
ules always strong, though 
strongest when wet 
Native corn-starch granules os Typical A pattern; ‘1’ ring 
absent 
Native waxy maize-starch Difficult) Red- Typical A pattern, except 
brown for “1”? ring, which is very 


granules 
weak when dry, moder- 


ately strong when wet 
Dog or rabbit liver glycogen Diffuse ring, typical of 
amorphous material 
Purified synthetic rabbit we ty 
liver polysaccharide 
Purified synthetic calf 
heart polysaccharide 





Fig. J, Fig. 4 


Fic. 3. Synthetic potato polysaccharide precipitated with alcohol (V 


pattern). 
Fic. 4. Synthetic liver polysaccharide precipitated with alcohol (amor- 


phous). 
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B spectra and show rather striking variations in “1” ring in- 
tensities on drying and wetting. 

Another type of starch pattern, the V spectrum, is obtained 
when freshly prepared solutions of plant starches are precipitated 
with alcohol. This pattern is less well defined and presumably 
corresponds to a quite different state of the starch molecule than 
that represented by the A, B, and C types (5-7). Astbury, 
Bell, and Hanes (2) failed to obtain a V pattern when synthetic 
potato polysaccharide was precipitated with alcohol. When their 
experiments were repeated, a V pattern was obtained, as shown 
in Fig. 3. Synthetic muscle polysaccharide when precipitated 
from solution by alcohol has also been observed to exhibit a V 
spectrum. The glycogen-like synthetic polysaccharides, as well 
as natural glycogen, do not exhibit a V pattern when precipitated 
with alcohol (Fig. 4). Even after standing 2 weeks in a refrigerator, 
with occasional freezing, a solution of synthetic liver polysac- 
charide, when precipitated with alcohol, failed to yield other than 
an amorphous pattern. 


DISCUSSION 


A comparison of the pattern of the synthetic muscle polysac- 
charide with the B pattern of native potato-starch shows a very 
close correspondence of line positions and relative intensities 
(Fig. 1). Furthermore, certain characteristic changes in relative 
ring intensities, particularly involving the ‘‘1” ring, are brought 
about by wetting dry samples of plant starches and are also ob- 
served with the synthetic preparations (Fig. 2). These findings 
indicate that the synthetic muscle polysaccharide is quite similar 
in molecular configuration to certain plant starches, as also ap- 
peared to be the case when the solubility properties and the iodine 
colorations were considered (3). 

The polysaccharide which precipitates in the form of water- 
insoluble granules during enzymatic synthesis (unpurified or 
“native’’ muscle polysaccharide) seems to be in the retrograded 
form; 7.e., it shows the same B pattern as the purified and de- 
liberately retrograded muscle polysaccharide. It may be as- 
sumed that retrogradation, which is fundamentally a sort of 
crystallization, is favored by the formation of a supersaturated 
solution during enzymatic synthesis. 
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Astbury, Bell, and Hanes (2) have raised the question whether 
the various modifications of starch, represented by the char- 
acteristic types of diffraction pattern, are synthesized by different 
enzymes. Their conclusion that this is improbable is supported 
by the following observations. Experiments of Katz and Derksen 
(8), which have been confirmed during the present investigation, 
indicate that a single type of starch can be made to “‘crystallize” 
from concentrated solutions in forms giving A, B, or intermediate 
C spectra, depending on the temperature at which the process 
is carried out. Furthermore, as will be shown elsewhere,! the A, 
B, and C patterns result from unit cells of only slightly different 
dimensions and axial angles and change from one of these patterns 
to another represents but minor alteration in the configuration of 
relatively straight chains. The present demonstration that the 
starch-like preparations of synthetic muscle and potato poly- 
saccharides can be made to show V spectra indicates that the V 
modification also is not attributable to specificity of enzyme 
action. 

Certain properties which are apparently more fundamentally 
related to the structures of the polysaccharides, and which con- 
ceivably might be referred to specific enzyme actions, are those 
connected with the ability to retrograde and to form character- 
istic iodine colors. Thus in contrast to the starch-like synthetic 
muscle and potato polysaccharides, those prepared with liver and 
heart phosphorylases are very soluble in water, do not retrograde 
on freezing or long standing in the cold, give reddish brown iodine 
colors, and exhibit amorphous diffraction patterns under all con- 
ditions; in short, the liver and heart polysaccharides appear to be 
typical glycogens. Synthetic brain (1) and yeast (9) polysac- 
charides, as judged from solubility and iodine color, would also 
belong to this group. 

Meyer and Bernfeld (10) proposed the series: corn-starch, 
potato-starch, waxy or glutinous starches, and glycogen, in which 
as can be seen from Table I there is increasing tendency to resist 
retrogradation and to stain red-brown with iodine. According to 
these authors, this order is also one of increasing ramification of 
chains (see also (11)). Failure of the glycogen to exhibit crystal- 


1 Bear, R. S., and French, D., paper in preparation. 
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line interferences under any circumstance may be due to the many 
branchings, and perhaps also to the shorter chain lengths (12), 
which hinder crystallization of straight chain portions of the 
molecules and increase solubility. If this point of view is correct, 
the difference between the actions of the starch- and glycogen- 
synthesizing enzymes is one of degree of branched chain formation. 
The muscle phosphorylase is peculiar among those studied to 
date in its ability to synthesize a typical starch in vitro and a 
typical glycogen in vivo. This fact suggests that the type of 
polysaccharide synthesized is conditioned by the physical state 
or mode of action of the enzyme or by unknown environmental 
factors. Further investigations with this and other phosphory- 
lases might be expected to contribute to the problem of starch 
and glycogen structure. 


SUMMARY 


1. The polysaccharide synthesized by the action of muscle 
phosphorylase on glucose-1-phosphate is very similar in structure 
to plant starches, as shown by its blue color reaction with iodine, 
the readiness with which it retrogrades, and its ability to exhibit 
both the B and V types of starch x-ray diffraction pattern. 

2. The similarities in the diffraction patterns of synthetic 
muscle polysaccharide and those of the plant starches include ring 
positions and relative intensities of rings, as well as alterations of 
intensities brought about by wetting or drying. 

3. The polysaccharides synthesized by heart and liver phosphor- 
ylase do not show retrogradation, exhibit a reddish brown color 
with iodine, and fail to yield any but a diffuse pattern character- 
istic of amorphous material. They behave in these respects 
exactly like natural glycogen. 

4. It is as yet unknown why muscle phosphorylase synthesizes 
starch in vitro and glycogen in vivo and why it differs in this re- 
spect from heart, liver, and brain phosphorylase which synthesize 
glycogen under both in vitro and in vivo conditions. 
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There are two possible sources from which the bicarbonate of 
pancreatic juice may arise. One of these is the metabolic carbon 
dioxide produced by the gland itself. The other is the bicarbonate 
of the plasma. The results of a recent investigation from this 
laboratory (11), in which the carbonic anhydrase of the pancreas 
was inhibited with sulfanilamide, have indicated that metabolic 
CO, is not the source of juice bicarbonate. We have now made 
use of bicarbonate formed from radioactive carbon to demonstrate 
that most of the bicarbonate found in the pancreatic juice comes 
directly from the plasma. These experiments along with analyses 
of pancreatic tissue for total CO, and chloride are reported here. 
On the basis of the results obtained, an explanation is offered to 
account for the difference in the anion pattern of pancreatic juice 


and plasma. 


Methods 


All experiments were performed on dogs which had not been 
fed for the previous 24 hours. The operative technique and the 
procedure for stimulating the pancreas with subsequent collection 
of pancreatic juice have been described previously (11). After 
the collection of a control sample of juice, there was injected into 
the right femoral vein a solution of bicarbonate, a part of which 
was formed from radioactive carbon (C"). The average integral 
dose was 11 microcurie hours. By the injection of secretin into 


*On sabbatical leave from the Department of Chemistry, Skidmore 
College, Saratoga, New York. 
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the left femoral vein, further pancreatic juice samples were then 
collected. During the flow of pancreatic juice, blood samples 
collected under oil were drawn from a jugular vein. The time 
during which all samples were collected was carefully noted, 
Serum samples drawn off under oil from the centrifuged blood 
were analyzed for total CO:, chloride, and radioactivity. Similar 
analyses were made on the pancreatic juice samples. The meth- 
ods employed for determining chloride and total CO, were the 
same as were used previously (11). Radioactivity was determined on 
2 ml. samples of well mixed juice or serum. The apparatus used 
has been described by Conant et al. (3). The corrections de- 
scribed there for decay of the carbon during counting, as well as 
the usual correction of all counts to a common zero time, have been 
applied. The assumption has been made that the absorption of 
the carbon radiation by pancreatic juice and serum is of the same 
magnitude as that for the aqueous bicarbonate solution reserved 
as the standard. Estimates of error given in Tables I and II are 
probable errors. The bicarbonate solution containing radioactive 
carbon was prepared as described by Solomon e? al.' with radioac- 
tive carbon dioxide produced according to the procedure outlined 
by Cramer and Kistiakowsky (4). 

Two experiments have been performed in order to determine the 
total CO, and chloride content of pancreatic tissue during both 
the resting and secreting state. After a cannula was introduced 
into the pancreatic duct in these experiments, the gland was al- 
lowed a short time to recover from any possible injurious effects 
produced by the manipulations. No flow of juice was observed 
during this period. A portion of tissue was then excised from the 
left branch of the pancreas and immediately prepared for bicar- 
bonate analysis. The gland was then stimulated to secrete by 
the injection of secretin. A definite though poor response was 
obtained in both experiments. After sufficient juice had been 
collected for analytical purposes, and while the juice was still 
flowing, a second sample of tissue was obtained from the right 
branch of the pancreas. A blood sample was also collected. The 
tissue samples were analyzed? for total CO, by the method of 


t Solomon, A. K., Vennesland, B., Klemperer, F. W., Buchanan, J. M., 
and Hastings, A. B., J. Biol. Chem., 140, 171 (1941). 
2 We are indebted to Dr. William Wallace for his kindness in performing 


these determinations. 
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Danielson and Hastings (5). Water, fat,and chloride content of 
tissue was determined by the methods described by Hastings and 


Eichelberger (7). 
Results 


Table I contains the results of an experiment in which a radio- 
active bicarbonate solution was injected. In this experiment, 


TABLE I 


Relative Radioactivity of Pancreatic Juice and Serum after Intravenous 
Injection of Radioactive Bicarbonate 


Dog 17, female, 8.2 kilos. 
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ae, as de =X... 2 |. 
p.m, ml. | percent | a. | ont. 
Juice 1 | 12.20-12.33 | 4.5 | | | 115 | 34 
| 12.35-12.36 | 9.0 Intravenous injection of radioactive 
bicarbonatet 
“ 2 | 12.88-12.48 | 4.5 | 0.158 | 129 | | 22 
Serum 1 | 12.43 20§ | 0.0399 Raa ae | 25 | 5-16) 107 
Juice 3 | 12.49-12.59 4.0 0.121 | ois | en cae © 
Serum 2 | 12.54 | 20§ | 0.0218 5.55 (2.170)t | 95 If 4-9 108 


Juice 4 | 1.00-1.10 | 3.2] 0.0714 | weien. 4 0 31 
Serum 3| 1.05 | 20§ | 0.0174 |f 4:10 @-9%)4 | 24 | 4.92! j08 
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* Expressed as per cent of total injected radioactive carbon found in a 


2 ml. sample. 
t This solution contained 103 mm of NaHCO; and 40 mm of NaCl per 


liter. 
t The figures in parentheses give the probable error involved in the 


radioactive determinations used to calculate the given ratio. 
§ Amount of whole blood. 


three pancreatic juice samples were collected during three suc- 
cessive 10 minute periods following the injection. A blood sample 
was also obtained during the collection of each pancreatic juice 
sample. The taking of each of these blood samples was so timed 
that it occurred exactly half-way through the period during which 
the juice sample was collected. The reason for this procedure is 
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made clear by the following considerations. As can be seen from 
the results, the radioactivity of the serum diminishes fairly rapidly 
with time. This is presumably due largely to the loss of radioac- 
tive carhon as CO, by way of the lungs. (None of this loss is to 
be ascribed to decay of the radioactive carbon, since corrections 
for this factor have already been applied to the results.) This 
continual fall in serum radioactivity with time should be reflected 
in the pancreatic juice. Such is found to be the case. This means 
that each pancreatic juice sample collected over a 10 minute period 
has been derived from serum whose radioactivity has been con- 
tinually altering during these 10 minutes. The radioactivity of 
juice formed during these 10 minutes must, therefore, also be 
continually altering. Thus, the radioactivity determined on a 
given juice sample must be considered as an average value of all 
the juice collected during this 10 minute period. Therefore, any 
comparison of the radioactivity of a juice sample with that of 
serum must be based upon the average radioactivity of the serum 
over the period in which the juice was collected. Since the serum 
radioactivity may be considered to diminish in a linear fashion, 
an average value of the serum radioactivity over a 10 minute 
period should correspond to its actual value at the end of the first 
5 minutes of this period. Thus, in Table I, the radioactivity of 
the sample of Juice 2 may be compared directly with the radioac- 
tivity of Serum 1, Juice 3 with Serum 2, ete. Even such a pro- 
cedure does not give the true ratio of the radioactivity of the two 
fluids, since it ignores the fact that juice collected over a given 
period was not all formed during this period. Since no accurate 
data are available as to the capacity of the pancreatic ducts of the 
dog which would permit correction for this lag period, we have 
chosen to make the comparison as described. 

Such a comparison is expressed as the ratio of juice to serum in 
Column 5 of Table I. It is obvious that there is a 4- to 5-fold 
concentration of radioactive carbon in the juice. The relative 
concentration of total CO, in juice and serum is also expressed as 
a ratio in Column 7. This ratio is of the same magnitude as that 
found for radioactivity. The average ratio of juice radioactivity 
to serum radioactivity in this experiment is 4.53, a value which 
differs only 10 per cent from the average value of 5.01 found for 
the ratio of the total CO, content of these two fluids. 
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Evidence (6)! is accumulating to show that carbon dioxide may 
be used by the animal organism to synthesize organic molecules. 
In order to be certain that no appreciable quantity of the radio- 
activity of pancreatic juice could be ascribed to the presence of 
such radioactive organic compounds, we have performed the fol- 
lowing test. A portion of Juice 2 was acidified, aerated, and then 
overneutralized with an excess of sodium bicarbonate. This 
process was repeated twice more and the sample diluted to a 
known volume. In this way, practically all of the original bi- 
carbonate of a sample can be swept out. The radioactivity of 
Juice 2 after this treatment was found to be only 0.23 per cent of 
its original value. 

In Table II are summarized the results of three other experi- 
ments in which radioactive bicarbonate was injected. In each of 
these experiments, only two juice samples were collected after 
the injection of the radioactive material. Since the blood samples 
in these experiments were not collected half-way through the 
period in which the juice samples were collected, the juice and 
serum radioactivity values are not directly comparable for the 
reasons discussed above. In order to calculate the ratio of juice 
radioactivity to serum radioactivity in these experiments, we 
have plotted the serum radioactivity against time. Assuming a 
linear relation, the radioactivity of the serum at the time corre- 
sponding to the middle of the juice collection period is thus ob- 
tainable and the desired ratio may be calculated. The average 
of these ratios for each experiment is given in Table II along with 
the corresponding ratios for total CO,. The results are similar 
to those presented in Table I. 

A summary of our analyses of pancreatic tissue for chloride and 
total CO, is presented in Table III. The chloride content of rest- 
ing pancreas is seen to be essentially the same as that found for 
pancreas actively secreting juice. On the other hand, the total 
CO, content of tissue taken from the active gland is found to be 
somewhat higher than that obtained from the resting pancreas. 
We believe that the large part of this apparent increase is to be 
attributed to the fact that tissue samples from the secreting gland 
are contaminated with pancreatic juice of high total CO, content. 
This is not so in the case of the resting tissue, since any juice 
present here will have been formed so slowly that its CO, content 
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will be approximately that of the tissue (see “Discussion”). Thus, 
in the case of Dog 13, the apparent increase in tissue total CO, 
from 15.3 to 21.6 mm per kilo of H,O on stimulation of the pan- 
creas could be explained by assuming admixture of the resting 
tissue with only 6 per cent of the pancreatic juice containing 104 
mm of total CO, per kilo of HO that was secreted by the gland. 

The significance of the actual values found for these tissue con- 
stituents in relation to their concentrations in juice and serum 
will be dealt with in the discussion. 


TABLE III 


Total COs, Chloride, and Water Content of Resting and Secreting Pancreatic 
Tissue 


All values are expressed in terms of fat-free tissue. 








| 


Dog | | ‘Tiss | Total COs 
Now | State of pancreas Ho Tissue Cl 





Tissue Juice* Serum* 


per cent “a> me be on mut por Me. 

















13 | Resting | 73.2 73.7 15.3 
Secreting | 78.9 | 74.4 21.6 104 29.4 

16 | Resting 77.4 | 65.8 17.1 
Seereting | 78.7 | 69.8 18.6 101 27.2 





* Calculated from mm per liter values by assuming the water content of 
pancreatic juice to be 98 per cent and that of serum to be 92 per cent. 


DISCUSSION 


The data reported here show that the intravenous injection of 
bicarbonate formed from radioactive carbon results in its prompt 
appearance in the pancreatic juice in a concentration 4 to 5 times 
that of the serum. We do not believe that a preferential absorp- 
tion of the radioactive ions by the gland needs to be considered 
as a possible explanation of this concentration, especially since 
Montgomery, Sheline, and Chaikoff (10) have shown that radio- 
active sodium appears in pancreatic juice in approximately the 
same concentration as is found in the serum. Therefore, since 
radioactive bicarbonate of the plasma is concentrated to this 
extent in the juice, the ordinary bicarbonate of the plasma should 
be similarly concentrated. Thus, the total CO, content of the 
juice should be at least 4 to 5 times that of the plasma. If more 
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total CO, than this is present in the juice, it must have been de- 
rived from some source other than the plasma bicarbonate. Our 
results show that, on the average, the ratio of the radioactive 
bicarbonate concentration in juice to that of serum is of about the 
same order of magnitude as the ratio of the total CO, contents of 
these two fluids. We feel, therefore, that our results demonstrate 
fairly conclusively that the plasma bicarbonate is the chief source 
of pancreatic juice bicarbonate. We do not believe the results 
permit the conclusion that all of the juice bicarbonate is derived 
from the plasma. The fact that in some cases more total CO, 
has appeared in the juice than would be predicted on the basis of 
the radioactivity ratios may perhaps indicate that some of the 
metabolic CO, produced by the gland finds its way into the juice. 
Since, however, the over-all accuracy of our experiments is about 
10 per cent, we feel that any attempt to partition accurately the 
pancreatic juice carbon dioxide as to its source in these experi- 
ments would be unjustified. It would seem reasonable, however, 
to state that in no case has more than 20 per cent of the total CO, 
of the pancreatic juice been derived from the metabolic carbon 
dioxide of the gland itself. 

In most cases, the ratio of juice radioactivity to serum radio- 
activity has exceeded slightly the total CO, ratio of these two 
fluids. We believe that such a relationship is to be largely ex- 
plained by the fact that the method used by us for calculating the 
radioactivity ratio does not take into consideration the short time 
that elapses between juice formation and juice collection. Juice 
collected over a given period has been assumed to be formed from 
plasma flowing through the gland during this same period. Ac- 
tually, part of this juice was formed from plasma with a higher 
radioactivity that had passed through the gland prior to this 
period. Our neglect of this time factor tends to make the serum 
radioactivity values low and consequently the ratio is high. 
Even though this time factor may be only 1 or 2 minutes, its 
significance can be appreciated when it is considered that in the 
experiments reported here the radioactivity of the serum has 
diminished on the average of 50 per cent in 15 minutes. 

The fact that rapidly secreted pancreatic juice has a bicarbonate 
content approximately 5 times that of serum and that this bi- 
carbonate is derived largely from the serum indicates that the 











Ball, Tucker, Solomon, and Vennesland 127 


pancreatic cells are freely permeable to bicarbonate ions. Our 
analyses of pancreatic tissue for total CO, show that the concen- 
tration of bicarbonate within these cells, similar to those of other 
tissues, is lower than that of the serum. It is thus apparent that 
concentration of bicarbonate does not occur on its passage from 
the plasma to the pancreatic cells. The concentration of bicar- 
bonate ions that occurs in pancreatic juice must, therefore, take 
place on the passage of this ion from the cells to the juice. On the 
other hand, the low chloride content of rapidly secreted pancreatic 
juice as compared to serum suggests that the pancreatic cells are 
poorly permeable to this ion. Our analyses of pancreatic tissue 
show, however, that its chloride content is much higher than that 
of the juice and, indeed, it is much higher than that of most tis- 
sues. Similar results for the chloride content of pancreas have 
been reported by Ingraham and Visscher (8). (Assignment of 
all this chloride to extracellular fluid, as is the accepted procedure 
for most tissues, would demand that the pancreas be composed of 
60 per cent extracellular fluid.) It would, therefore, appear that 
passage of chloride from the serum into the pancreatic cells may 
oceur freely. The low content of chloride in the juice compared 
to the tissue must, therefore, indicate that chloride passes from 
the pancreatic cells into the juice slowly and with difficulty.* 
Now it has been shown by Ball (1) that the pancreatic juice 
and serum of the dog are in osmotic equilibrium, that they have 
the same composition with respect to sodium and potassium ions, 
and that any changes in the concentration of one of these cations 
in the serum is immediately reflected by a corresponding change in 
the juice. On the basis of the known facts then, we may attempt 
an explanation for the difference in the anion pattern of pancreatic 
juice and serum. Sodium, potassium, chloride, and bicarbonate 
ions along with water may be considered to pass freely from the 
serum into the pancreatic cells. The concentration of these ions 
in the pancreatic cells should, therefore, be that predictable, 


* The passage of chloride from serum to cells may also be slow. Our 
data do not furnish any evidence for or against such a possibility. The 
fact that there is no appreciable change in the chloride content of pancreatic 
tissue before and after stimulation indicates only that passage of chloride 
from the serum to the cells is rapid enough to permit replacement of the 
chloride lost in the juice. 
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assuming a Donnan ionic equilibrium exists. As shown here, the 
concentration of the anions in the cells is of this order of magni- 
tude. (The analysis of pancreatic tissue for sodium and potas- 
sium would be of interest in this connection.) When the pan- 
creas is stimulated to secrete, it would appear that the sodium, 
potassium, and bicarbonate ions of the cells, along with the water, 
can freely leave the cells and enter the pancreatic ducts. The 
chloride ion apparently cannot cross this membrane as rapidly as 
these other ions and consequently, in order to maintain electro- 
neutrality, the bicarbonate ion replaces part of the chloride ion 
in the juice. This increase in bicarbonate ion concentration in 
the juice with no alteration in the juice CO, tension as compared 
to plasma causes an alkaline swing in the pH of the juice. Such a 
concentration of bicarbonate in pancreatic juice occurs, however, 
only when the rate of juice secretion is high. Johnston and Ball 
(9) have found that some samples of pancreatic juice obtained 
from dogs with permanent pancreatic fistulas had an inorganic 
composition nearly identical with that of plasma. Ball (2) has 
presented evidence to indicate that the concentration of bicar- 
bonate and chloride in the juice varies inversely as the rate of 
juice secretion varies. The sum of the concentration of these 
two anions was found, however, to remain fairly constant. These 
findings then lend further support to the hypothesis that the slow 
rate of diffusion of the chloride ion in comparison to the other ions 
under consideration is the determining factor in regulating the 
juice composition. ‘Thus, if the rate of juice secretion proceeds 
slowly enough, the chloride ion will be able to diffuse in quantities 
sufficient to match its proportionate share of the cations. As 
juice secretion proceeds more and more rapidly, the quantity of 
chloride ion diffusing will lag more and more behind that neces- 
sary to balance its share of the cations. Bicarbonate will then 
be called upon to replace it. However, after certain rates of se- 
cretion are reached, further marked increases in secretion rate 
appear to have less and less effect in diminishing the chloride 
concentration of the juice. The rate of diffusion of chloride thus 
appears to increase as the rate of juice secretion increases. This 
may be in part due to the increasing gradient of chloride ion on the 
two sides of the cell membrane that is produced as the secretion 
rate increases. 
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SUMMARY 


The intravenous injection of bicarbonate formed from radio- 
active carbon results in its prompt appearance in the pancreatic 
juice in a concentration 4 to 5 times that of the serum. Since the 
total CO, content of the juice is also approximately 5 times that 
of the serum, it is concluded that the plasma bicarbonate is the 
chief source of the juice bicarbonate. The amount of juice bi- 
carbonate that could have been derived from metabolic CO, of 
the gland itself is estimated to be not greater than 20 per cent of 
the total. 

Analyses of pancreatic tissue for total CO, and chloride are 
presented. The concentration of both of these substances within 
the pancreatic cells is approximately 50 to 60 per cent of that 
found in the blood plasma. On the basis of these findings and of 
previous data, it is suggested that the formation of pancreatic 
juice high in bicarbonate and low in chloride content may be 
explained on the basis of the limited diffusibility of the chloride 
ion from the pancreatic cell. 
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METHIONINE STUDIES 


VI. dl-METHIONINE SULFONE* 
By GERRIT TOENNIES ano JOSEPH J. KOLB 
(From the Lankenau Hospital Research Institute, Philadelphia) 


(Received for publication, April 24, 1941) 


Methionine has been shown to be converted quantitatively into 
the corresponding sulfoxide (or sulfoxides) (2, 3) by hydrogen 
peroxide, but it has also been noted (4) that in the presence of 
molybdate the oxidation proceeds beyond that stage. We have 
now expanded this finding and utilized it for the preparation of the 
hitherto unknown sulfone of methionine. 


EXPERIMENTAL 


Different solutions containing methionine, hydrogen peroxide, 
molybdate, and acid, as indicated in Fig. 1, were prepared in 25 cc. 
volume and the unused peroxide was determined at intervals in 
2 cc. samples by the iodide-thiosulfate procedure. Corresponding 
blank solutions without methionine were run simultaneously. 
The accuracy of these experiments and their duration are limited 
by the extent of spontaneous decomposition of the peroxide which 
becomes increasingly important with increasing molybdate con- 
centration and decreasing acidity. For instance, a solution of 
0.145 m HO, and 0.002 m molybdate lost 20 per cent of its peroxide 
in6 hours. The presence of 0.05 m alanine as a buffer reduced the 
decomposition to 4 per cent, and the presence of 1m HCIO, to 
only 0.4 per cent. The control solution of the experiment with 
0.02 m molybdate (0.125 m HCIO,) lost 2.5 per cent in 3 hours but 
remained unchanged during the Ist hour. The results of these 


* Aided by a grant from the Blanche and Frank Wolf Foundation, Inc. 
For Paper V of this series cf. (1). In the latter paper the small print part 
of the ‘‘Summary”’ was erroneously placed there. Its proper place is under 
Table I. Also, under “Literature cited,’’ in the second reference read 
J. Biol. Chem. instead of Ibid. 
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experiments, in terms of oxidation of methionine, obtained with 
the help of the corresponding blank determinations (with alanine 
in place of methionine for the experiment which contained no added 
acid), are shown graphically in Fig. 1. They confirm earlier evi- 
dence that in the presence of molybdate the sulfoxide level is 
reached almost instantaneously, and show further that the cat- 
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Fic. 1. The oxidation of methionine with hydrogen peroxide in the pres- 
ence of molybdate. Temperature, 32° + 2°. 


alyzed reaction proceeds smoothly to the sulfone stage. The 
presence of acid favors the reaction, without, however, promoting 
it in proportion to its concentration. On the other hand, the 
velocity of the reaction increases in direct relation to the concen- 
tration of molybdate. 

The reaction product can be obtained as follows: 10 mm of 
dl-methionine are dissolved in 2.5 cc. of 5m HClO, and 15 ce. of 
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water. lcc. of 0.6M ammonium molybdate is added, followed 
by about 30 mm of hydrogen peroxide (3 cc. of 30 per cent hydrogen 
peroxide). A white precipitate which forms on addition of the 
molybdate dissolves when the peroxide is added, resulting in a 
yellow solution. The reaction proceeds with considerable evolu- 
tion of heat, requiring some cooling. The solution is diluted with 
water to about 25 cc., and after 2 hours an equal volume of me- 
thanol is added. The perchloric acid is now neutralized by am- 
ylamine (about 10 per cent excess) and the precipitation of the 
new amino acid is immediately completed by the addition of 
250 ec. of acetone. The precipitate is filtered after 20 minutes and 
washed about eight times with acetone by resuspension. This 
can be conveniently done without removing the precipitate from 
the filter if a sintered glass filter funnel is used (5). Washing is 
completed with ether, and the solvent vapors are removed by con- 
tinued suction; drying is completed by heating to 100° for 20 
minutes. The method of its formation and determination of its 
equivalent weight by perchloric acid titration (6) identify the 
compound as the sulfone of methionine. Equivalent weight, 
calculated 181.2, found 182.4. The yield is about 90 per cent. 
The compound can be obtained in beautiful hexagonal crystals by 
recrystallization from water. Its solubility in water is lower than 
that of the sulfoxide but higher than that of methionine. Its sul- 
fone character is confirmed by its relative stability: even under the 
drastic conditions of acidity and iodide concentration which were 
found to produce complete reduction of the sulfoxide (3) the sul- 
fone liberates no iodine. The typical methionine (cabbage-like) 
odor which is still present undiminished in the sulfoxide is entirely 
absent in the sulfone. Mercuric chloride forms no precipitate with 
the compound; however, an insoluble cupric salt and a crystalline 
picrate have been obtained. 


SUMMARY 


It is shown that dl-methionine sulfone can be easily obtained by 
the molybdate-catalyzed oxidation of methionine with hydrogen 
peroxide. Some of the properties of the new compound are 


described. 
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THE DETERMINATION OF THIOCYANATE IN BIOLOGICAL 
FLUIDS 


By LEON C. CHESLEY 
(From the Margaret Hague Maternity Hospital, Jersey City) 


(Received for publication, April 24, 1941) 


The determination of thiocyanate in biological fluids is of 
importance in at least two respects. (a) In clinical practice 
thiocyanates are often given in the treatment of hypertension. 
The dosage is regulated by the concentration of drug attained in 
the blood. There are available simple methods for the estima- 
tion of blood concentrations, sufficiently accurate for this purpose. 
(b) Thiocyanates are sometimes used in the estimation of ‘“avail- 
able” (extracellular ?) water of the body. In such measurements, 
more exact determinations of thiocyanate in plasma and urine are 
necessary. 

Colorimetric determination of thiocyanate has been based upon 
the reaction with a ferric salt, which forms a colored compound 
(ferric thiocyanate ?). The original method, adapted by Schreiber 
(1) from the procedure of Leared (2), has been variously modified. 
Photometric adaptations of the method have been made by 
Molenaar and Roller (3) who used the stufenphotometer, and by 
Ginsburg and Benotti (4) who employed the Evelyn photoelectric 
microcolorimeter. 

These methods are satisfactory for serum, but with urine the 
results are erratic. In the present paper, there will be described 
a modification in which thiocyanate is determined in 1:10 protein- 
free filtrates of plasma, serum, and urine; the Evelyn macro- 
colorimeter, which is more generally available than is the 
microcolorimeter or the stufenphotometer, is employed. The 
accuracy of the determination in urine has been considerably 
enhanced by the addition of serum protein which is subsequently 
precipitated. 
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Procedure 

Eight separate stock solutions of desiccated sodium thiocyanate, 
100 mg. per cent in water, were made up. By dilution with 
appropriate quantities of plasma, serum, or urine, known con- 
centrations of NaCNS ranging from 0.9 to 20 mg. per cent were 
obtained. These known solutions were then diluted 1:10 with 
rarious protein precipitants. The methods used were (a) Haden’s 
modification of the Folin-Wu tungstic acid precipitation (5); (b) 
equal volumes of 20 per cent trichloroacetic acid and plasma, 
serum, or urine, as recommended by Schreiber (1) (the filtrate 
was subsequently diluted); (c) Fujita and Iwatake’s cadmium 
precipitation (6); (d) the zine method of Somogyi (7). In each 
case, filtrates were made of blank plasma, serum, or urine. The 
addition of serum protein to urine will be described below. 

The color reagent used was that of Lavietes, Bourdillon, and 
Klinghoffer (8); 25 gm. of c.p. ferric nitrate crystals (Fe- 
(NOs;)3-9H2O) were dissolved in about 400 ml. of distilled water, 
12.5 ml. of c.P. nitric acid were added, and the volume was made to 
500 ml. with water. 

For each determination, 5 ml. of filtrate were transferred to a 
colorimeter tube (provided with the Evelyn macrocolorimeter), 
and 5 ml. of the ferric nitrate reagent were added. The tube 
containing the blank was then placed in the colorimeter, and the 
light intensity was adjusted to give a galvanometer reading of 
100; the center setting was then read on the galvanometer after 
removal of the blank. The samples containing the thiocyanate 
were then quickly read, the center setting being kept constant. 

A filter allowing maximum transmission at 490 my was used. 
Filter 520, provided with the apparatus, was also found to be 
satisfactory. 


Results 


Serum and Plasma Solutions—The best results were obtained 
in tungstic acid and trichloroacetic acid filtrates. The range of 
error in the determination of known thiocyanate concentrations 
in plasma and serum was less with these protein precipitants, and 
also the color intensity developed by the ferric nitrate was very 
nearly the same as that developed in pure aqueous solutions of 
thiocyanate. 
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The cadmium and zinc protein precipitants apparently interfere 
slightly, for the depth of color in such filtrates was always less 
than in pure aqueous solutions of the same CNS~ concentrations. 
This can, of course, be corrected by changing the factor K for the 
calculation, which is 


2 — log galvanometer reading (1) 
K 





Concentration = 


In water solutions and with Filter 490, K averaged 0.357; in 
tungstic acid and trichloroacetic acid filtrates it averaged 0.345; 
while in the Somogyi zinc filtrate K was 0.287 and in the Fujita 
cadmium filtrate it was 0.313. 








won SES — 
g ra PLASMA 
. | 5 
aan 5 
tT T T tT Ff , 











-4-3~2-! O+f| 424344 
PER CENT ERROR 


Fic. 1. The frequency distribution of errors in the analysis of plasma and 
serum of known thiocyanate concentrations ranging from 0.9 to 20.0 mg. 
per cent. 


The Somogyi and Fujita protein precipitants were abandoned 
because of the apparent interference in color development. The 
trichloroacetic acid filtrate must be diluted after the removal of 
the proteins, thus necessitating an extra step, and the use of a more 
dilute trichloroacetic acid does not give satisfactory results. 
For these reasons, and because of other determinations made 
concurrently, the Folin-Wu procedure was adopted for the prepara- 
tion of plasma or serum for thiocyanate analysis. 

The error in the determination of thiocyanate in tungstic acid 
filtrates of plasma or serum was always less than 4 per cent in the 
70 known solutions analyzed. In two-thirds of the cases, the 
error was within +1 per cent. The frequency distributions of 
the errors are shown in Fig. 1. 
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When the greatest accuracy in determination is required, as in 
estimation of the “available” fluid of the body, particular atten- 
tion must be paid to the blank. The blank in tungstic acid alone 
is appreciably higher than in water, and to this color given by 
tungstic acid must be added the color given by thiocyanate and 
other chromogenic substances in the plasma. The color given by 
the plasma varies considerably from subject to subject, and 
therefore a plasma sample should be taken from each subject 
before the administration of the thiocyanate, this original sample 
to be used as the blank. When this is done, the error in determina- 
tion is usually within +1 per cent. 

The magnitude of the blank has been surveyed by reading 
Folin-Wu filtrates of blank bloods against water blanks. These 
blank blood filtrates were taken from the routine chemistry 
laboratory, and were from patients with toxemia of pregnancy. 
Much of the color appearing after the addition of the ferric 
nitrate reagent is not given by thiocyanate but by the oxalate used 
as an anticoagulant, for it is a light yellow rather than the orange- 
red tint characteristically developed in thiocyanate solutions. 
The range of values in blank blood filtrates, calculated as sodium 
thiocyanate, is from 0.38 to 0.92 mg. per cent and averages about 
0.60 mg. per cent. 

Urine Solution—Variations in the concentration of urinary 
pigment interfere with the ordinary colorimetric determination of 
thiocyanate. The protein precipitants used in the present study 
do not greatly improve the situation, and may even aggravate it 
by causing turbidity in the filtrates. When Folin-Wu filtrates 
of urine were analyzed for known concentrations of thiocyanate, 
in the manner described above for plasma, errors up to 10 per cent 
were not uncommon, as the line graph in Fig. 2 indicates. 

Since the results obtained with serum were very consistent, 
while parallel determinations in urine were erratic, it was thought 
that addition and later precipitation of serum protein might im- 
prove the urine analysis. The protein used was precipitated from 
about 40 ml. of pooled plasma and serum, by the addition of 
several volumes of N/12 tungstic acid. The precipitated protein 
was washed. Then 10 gm. of sodium tungstate were added, with 
enough water to make 100 ml. when solution was complete. This 
solution is fairly stable for about a week, if kept in an ice box. 
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To each volume of urine was added 1 volume of the tungstate- 
protein solution. After the mixture had stood for a few minutes, 
8 volumes of N/12 sulfuric acid were added. The preparation is 
shaken during and after the addition of the acid, and allowed 
to stand for 10 minutes or longer before filtration. The filtrates 
are water-clear. The procedure from this point is the same as for 
plasma. 

Frequently the blank is unstable and develops enough color 
with the ferric nitrate to change the galvanometer reading by 
two divisions; this change is rather rapid, and the true blank 
reading must be obtained at once. Strangely enough, the urine 
filtrates containing thiocyanate do not show this instability. 
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Fic. 2. The frequency distribution of errors in the analysis of urines of 
known thiocyanate concentrations ranging from 0.9 to 20 mg. per cent. 
The line graph represents Folin-Wu filtrates of urine. The bar charts 
represent modified Folin-Wu filtrates, in which serum protein had been 
added to the urine and subsequently precipitated. 

















Because of this, it is more satisfactory to determine the center 
setting by omitting the blank and using instead a known con- 
centration in a urine filtrate. With this known solution the 
light intensity is adjusted to give the theoretical galvanometer 
reading, calculated from Equation 1. The center setting obtained 
in this way corresponds with that obtained by setting the blank 
reading at 100 within 5 to 10 seconds after the ferric nitrate 
is added. 

The range of errors in the analysis of 78 urine samples of known 
thiocyanate concentration is shown in the bar chart of Fig. 2. 
The error was within +1 per cent in about half the cases, and did 
not exceed 5 per cent in any case. Thus the addition of protein 
considerably enhanced the accuracy of the method. 
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Stability of Color—Several writers ((1), (4), and others) have 
commented on the fading of the color after addition of the ferric 
nitrate reagent, and recommended that the readings be made 
within 10 minutes. In the present study, all readings were 
routinely made within 5 minutes, but the color does seem to be 
stable for at least 2 hours, except in the urine filtrates made 
without the addition of protein. 

Range of Concentration—The greatest errors were found at the 
extremes of the thiocyanate concentrations investigated, but, as 
shown in Fig. 1, these errors did not exceed +4 per cent. Be- 
tween 2.5 and 18.0 mg. per cent, the law of Lambert and Beer 
holds quite accurately. 


TABLE I 


Values of K for Thiocyanate in Plasma or Serum, and in Urine, with Different 
Protein Precipitants 





K 





Menstruum bi ———————— 
| Filter 490 | Filter 520 
Plasma or serum Folin-Wu filtrate | 0.0345 | 0.0244 
Trichloroacetic acid filtrate | 0.0345 | 0.0243 
| Somogyi zinc filtrate 0.0287 
| Fujita cadmium filtrate | 0.0313 | 0.0226 
Urine Protein + Folin-Wu filtrate 0.0345 | 0.0244 
Water | 0.0357 | 0.0249 





Results with Filter 520—Except for the lower value obtained 
for K, the determinations made with the 520 may filter are in good 
agreement with those made with Filter 490. The K values for 
all determinations are summarized in Table I. 


SUMMARY 


A method is described for the determination of thiocyanate in 
plasma, serum, and urine. The Evelyn photoelectric macro- 
colorimeter is used, and the color intensity is measured with 
a filter allowing maximum transmission at 490 my. ‘The error is 
usually within +1 per cent, and always less than 5 per cent. 

The protein is precipitated from plasma or serum by the method 
of Folin and Wu, giving a 1:10 dilution. 

In the case of urine, serum protein is added in solution in 
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sodium tungstate. The addition of sulfuric acid then precipitates 
the protein together with urinary pigments. The urine is thus 
diluted 1:10. 

5 ml. of the Folin-Wu filtrate are placed in a colorimeter tube, 
and 5 ml. of ferric nitrate reagent are added. The color intensity 
is read within 5 minutes. 

The center setting used in the determinations may be ob- 
tained by the use of a blank filtrate of plasma or urine. An 
alternative, and perhaps better, method is to use a plasma or 
urine filtrate of known thiocyanate concentration. 
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BIOLOGICAL RELATIONSHIPS OF CHOLINE, ETHANOL- 
AMINE, AND RELATED COMPOUNDS* 


By DeWITT STETTEN, Jr. 


(From the Department of Biochemistry, College of Physicians and Surgeons, 
Columbia University, New York) 


(Received for publication, April 15, 1941) 


An investigation of the metabolic origin, fate, and interconver- 
sions of certain of the nitrogenous components of phosphatides 
is here reported.!. Ethanolamine, choline, glycine, betaine, and 
ammonia, all containing heavy nitrogen, have been fed to adult 
rats under standard conditions. To groups of three rats, main- 
tained at constant weight on a basal diet, these substances were 
administered for 3 days. The animals were then killed; pure 
choline and ethanolamine were isolated from the crude phospha- 
tides, glycine and glutamic acid from the proteins of the combined 
thoracic and abdominal organs, and urea and ammonia from the 
urine of the last day of feeding. Each of these fractions was 
analyzed for N“ and the isotope concentration compared with 
that in the test substance fed (Table I). 

Replacement of Choline and Ethanolamine in Phosphatides of 
Body—When ethanolamine was fed, at least 28 per cent of the 
ethanolamine originally present in the body phosphatides was 
replaced by the isotopic dietary test substance within 3 days and 
without any appreciable change of weight. With choline a similar 
replacement of 21 per cent by dietary choline occurred. This 
finding resolves the uncertainty as to the fate of dietary choline 
deducible from the observation that, whereas ingested arseno- 
choline is taken up by the body phosphatides (2), triethyl-§- 
hydroxyethylammonium hydroxide, “triethylcholine” is not (8). 

Conversion of Ethanolamine into Choline—When isotopic ethanol- 


* This work was carried out with the aid of a grant from the Josiah Macy, 


Jr., Foundation. 
1 Some of the results have been presented in a preliminary report (1). 
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amine was fed, not only the ethanolamine but also the choline of 
the phosphatides was rich in isotope. At least 11.5 per cent of 
all the choline in the phosphatides was derived from dietary 
ethanolamine. If, as is not unlikely, the newly synthesized choline 
was derived from a mixture of ethanolamine from food and body 
phosphatide (7.e., from ethanolamine of about the same isotopic 
composition as that isolated from the phosphatides), then 
11.5/27.9, or 41 per cent, of it must have been formed by the 
methylation of ethanolamine. 


TABLE | 

Ratios of Isotope Content 

Three adult male rats, in each experiment, were fed the isotopic test 
substance equivalent to 21 mg. of N per rat per day for3days. The isotope 
content of the various substances isolated was computed on the basis of 
100 atom per cent in the test substance fed.* The analytical error, on this 
basis, is approximately +0.15 atom per cent. The bold-faced figure rep- 
resents the analytical value of that compound isolated identical with the 
compound fed; it shows the per cent replacement. 





Isotopic compound added to diet 














Source of , 

C 1 isolated | Ethanol- 
compound see re Choline | Gi veine Betaine | -—¥ 
| Be wanes enioride | ehlors de 
Total phospha- | Ethanolamine | 97.9 | 1.0 | 2.9 2.0 | 1.2 
tides Choline 11.5 | 20.8 | 0.5 | 0.6 | 0.1 
Organ sroteins | Glycine | 0.7 | 6.9 1.5 | 0.7 
ms | \Glutamic acid | 0.9 | 2.5 | 1.3 | 1.0 | 2.0 
Urine of last | [Urea | 3.4 | 1.9 | 5.1 | 3.5 | 8.7 
4.8 | 2.1 | 6.1 | 3.6 | 5.9 


day \A mmonia 





atom per cent N® in compound isolated 
* Values tabulated = ——— a At ——————- _< 100. 


atom per cent N™ in compound fed 
The biological source of the methyl groups required in this 
conversion has recently been shown by du Vigneaud, Chandler, 
Cohn, and Brown (4) to be methionine. When, in their experi- 
ments, methionine with its S-methyl group labeled with deuterium 
was fed, the choline isolated was very rich in deuterium. The 
normal biological synthesis of choline may therefore be formulated 


as follows: 


Ethanolamine + methyl —-— choline 
(from methionine) 
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In the present experiment, the casein of the diet constituted an 
ample source of methionine (5). 

Whereas ethanolamine is rapidly converted into choline, the 
reverse reaction, demethylation of choline to ethanolamine, was 
not apparent. When choline was fed, the isolated ethanolamine 
was relatively poor in isotope—not quite so high, in fact, as when 
ammonia was fed. This indicates that little or no conversion of 
choline to ethanolamine proceeds in the adult animal adequately 
supplied with methionine. 

Reduction of Glycine to Ethanolamine—Studies with amino acids 
containing N® (6) have revealed that when an isotopic amino acid 
is fed and various amino acids are isolated from the proteins of 
the organs, the glutamic acid is, next to the acid fed, the highest 
in isotope concentration. This finding is taken as evidence for 
the high activity of glutamic acid in transamination reactions. 
In the present experiments, when glycine was fed, the ethanolamine 
of the phosphatides had an isotope concentration 2.9/5.9, or 49 
per cent, as high as that of the glycine, and more than twice that 
of the glutamic acid of the organ proteins. The ethanolamine 
sample isolated after feeding glycine had more than twice as high 
an isotope concentration as that recovered after feeding ammonium 
chloride; this in spite of the fact that in the latter experiment the 
glutamic acid (hence the general pool of available body nitrogen) 
was considerably richer in isotope than in the former. 

These results show that the animal had converted glycine into 
ethanolamine by some route other than surrender by glycine of its 
nitrogen to the general body pool followed by more or less ele- 
mentary resynthesis of ethanolamine. The analytical data sug- 
gest that a portion of the glycine administered was reduced to 
ethanolamine directly.* 

Biological Fate of Betaine—Betaine is known to replace choline 
dietetically not only in the prevention and cure of fatty liver (9), 
but also in the promotion of growth in animals on a diet free of 


2 In addition to glycine and dietary ethanolamine, another likely pre- 
cursor of phosphatide ethanolamine is serine, as recently suggested by 
Folch and Schneider (7), who present evidence for the presence of serine, 
esterified to phosphoric acid, in the cephalin fraction. Further support 
for this view is the observation of Nord (8) that anaerobic bacteria de- 
carboxylate serine to ethanolamine. 
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methionine but containing homocystine (10). Both in the pro- 
motion of growth, however, and in the prevention of pathological 
changes (11), betaine has been shown to be quantitatively less 
effective than choline. These findings, in conjunction with others 
on transmethylation, point either to the direct reduction of betaine 
to choline or to its demethylation to glycine. In the latter case 
the betaine would, like methionine (4), act as a methyl donor in 
the conversion of ethanolamine to choline. 

In the first scheme the feeding of isotopic betaine should yield a 
choline of high N® concentration; in the second, the choline should 
be poor and the glycine rich in isotope. The analyses clearly 
show that the latter route predominates. The glycine recovered 
from the organ proteins after the betaine feeding is almost as rich 
in isotope as in the experiment in which glycine was fed. The 
ethanolamine again contains somewhat less than half as much 
isotope as the glycine of the organ proteins, and the choline is 
relatively low in isotope. The small but significant concentrations 
of isotope in the phosphatide choline in both these experiments 
may be ascribed to the methylation of the ethanolamine which 
was derived from the glycine. 

The reactions observed may conveniently be formulated as 
follows: 

Betaine - 7“? glycine —— ethanolamine * ts choline 
methyl - - ----------- — methyl 


Degradation of Ethanolamine and Choline—The presence of high 
concentrations of isotope in both the urea and the ammonia frac- 
tions of the urine indicates that the body degrades both ethanol- 
amine and choline. The route of this degradation cannot be in- 
ferred from any results here presented. The only conclusion to 
be drawn is that ethanolamine is not appreciably oxidized to 
glycine. This is proved by the low isotope content of the glycine 
of the organ proteins after the feeding of ethanolamine. The 
level is lower than that for glutamic acid from the same source, 
and may well be due to uptake from the general nitrogen pool. 

Uptake of Dietary Choline by Phosphatides of Various Tissues 
A more detailed investigation of the introduction of dietary choline 
into organ phosphatides is recorded in Table II. In this experi- 
ment 1.36 mM of isotopic choline per rat per day were added to the 
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diet of two growing rats for 3 days. The animals were then killed; 
crude phosphatides were isolated from the various tissues and their 
nitrogen analyzed for N¥®. Only the eviscerated carcass’ yielded 
enough phosphatide to permit the isolation of pure choline. 

The results confirm the previously observed rapid incorporation 
of dietary choline into the phosphatides of the body. The liver 
appears to be much the most active of the various organs; the 
other thoracic and abdominal organs are next, closely followed by 
the carcass. The brain phosphatides are by far the least active. 


TABLE II 
Uptake of Dietary Choline by Phosphatides of Various Tissues 
Two growing male rats were fed isotopic choline chloride equivalent to 
19.1 mg. of N per rat per day for 3 days. The isotope content of the phos- 
phatides of the various tissues was computed on the basis of 100 atom per 
cent in the test substance fed. 








N® content 
atom per cent 
Crude phosphatides of 
i A i a ee 31.4 
SS LS ea tar) pene 18.0 
SG a oy & <0 67 5.0 : ; Ne Pe, eae ey 3.0 
Heart, lungs, thymus, spleen, kidneys, testes. ...... 17.4 
Se... .adsst woe eet A, Sie as 14.6 
Choline from carcass* phosphatide.................... 31.3 








* Carcass signifies the muscle, skin, and skeleton remaining after removal 
of the thoracic and abdominal organs and the brain. 


The phosphatides analyzed were crude mixtures of cephalin 
and lecithin and their nitrogen was certainly not all in the form of 
choline. Comparison of the isotope content of the carcass phos- 
phatide and the choline derived from it shows that only about half 
of the phosphatide nitrogen in this sample was choline nitrogen. 
The remainder, which diluted the isotopic choline nitrogen, was 
probably present as ethanolamine and amino acid. Analogously, 
whereas some 31 per cent of all the nttrogen in the liver phosphatide 
was derived from dietary choline, an appreciable greater percentage 


* The term ‘‘carcass’’ is herein employed, for want of a better word, to 
signify the muscle, skin, and skeleton remaining after removal of the 
thoracic and abdominal organs and the brain. 
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of the choline in the liver phosphatide must have arisen from the 
dietary test substance. 

The low isotope content of the brain phosphatide nitrogen reflects 
in part the slower rate of phosphatide synthesis in this organ 
(12, 13). However, the low figure may also be partly explained 
by the higher proportion of cephalin in this material. 

The biological synthesis of phosphatides has been studied from 
three different aspects with the aid of three different isotopes. 
The replacement of phosphorus has been followed with radioactive 
phosphorus (12) and the replacement of fatty acids has been in- 
vestigated with deuterio fatty acids (13). The results obtained 
in the present investigation, in which the basic moiety was labeled 
with N"™, may be compared with those obtained by these other 
techniques. 

All three approaches result in the same general ranking of tissues 
in order of activity of phosphatide synthesis; namely, the liver is 
found to be the most active, the brain the least active. However, 
the three methods are measures of three different reactions; the 
replacement of phosphoric acid, fatty acid, and choline respectively, 
and these three reactions do not necessarily proceed in the animal 
at identical rates. The replacement of fatty acids in the phos- 
phatide molecule may proceed independently of replacement of 
base or phosphoric acid, and it is conceivable that the lecithin 
molecule changes its choline fragment without replacement of its 
phosphorus. The replacement of the latter, however, automatic- 
ally involves concomitant replacement of the base. 


EXPERIMENTAL 


Synthesis of Test Substances—Isotopic ethanolamine, choline (14), 
and glycine (15) were prepared by methods previously described 
from this laboratory. Isotopic betaine chloride was prepared‘ 
according to Novak (16) by methylation of isotopic glycine with 
dimethyl sulfate and alkali. 1.05 gm. (14 mm) of glycine gave 
1.99 gm. of crude betaine chloride, or 93 per cent of theory. After 
purification over the gold chloride double salt, the final yield was 
1.37 gm., or 64 per cent of theory. 


CsH,,NO,Cl. Calculated, N 9.1; found (Kjeldahl), N 9.0, 9.1 





‘ The author is indebted to Dr. Konrad Bloch for help in this synthesis. 
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All the test substances synthesized had an N*™ excess of 2.00 
atom per cent. The NH,Cl fed had an N*® excess of 2.38 atom 
per cent. 

Diet and Feedings—The basal diet previously used in this labora- 
tory (17) was employed. In the experiments recorded in Table I 
groups of three male rats weighing about 250 gm. each were placed 
on this diet until constant weight was attained. The test sub- 
stance was then added in a quantity of 1.5 mm per rat per day, 
and at the end of the 3rd day the rats were killed by a blow on the 
head. No change in weight of more than 2 per cent was noted in 
any of these animals during the test period. 

In the experiment recorded in Table II two growing (100 gm.) 
rats, on the same basal diet, were given choline chloride equivalent 
to 1.36 mm per rat per day for 3 days, and then killed. During 
this period each rat gained 4 gm. 

Isolation of Compounds from Tissues—In the experiments re- 
corded in Table I the animals were eviscerated; the gastrointestinal 
tract was emptied and placed with the other thoracic and ab- 
dominal organs. The minced organs and the eviscerated car- 
casses were separately extracted in succession twice with cold 
acetone, once with ethanol at room temperature, once with boiling 
1:1 ether-ethanol, and once with boiling ether. The combined 
ether and alcohol solutions were concentrated in vacuo, and the 
resulting oil added to 4 times its volume of acetone in the presence 
of magnesium chloride. The precipitate was centrifuged off and 
washed with acetone by centrifugation. It was then extracted 
exhaustively with petroleum ether, and the solution cleared by 
centrifugation, and washed with water to remove contaminating 
nitrogenous matter (18). The petroleum ether was then evapo- 
rated off, and the resulting material designated “crude phos- 
phatide.”” Each group of three rats yielded 5.6 to 7.5 gm. of 
substance. 

The crude phosphatide was hydrolyzed by boiling with 3.6 per 
cent hydrochloric acid until the tendency to foam had diminished 
(8 to 20 hours). The mixture was chilled, the fatty acids filtered 
off by suction, and the filtrate concentrated in vacuo, with repeated 
addition of water to remove hydrochloric acid. The residue in 
about 75 cc. of water was treated with aqueous neutral lead acetate 
until no further precipitation occurred, filtered, and freed of lead 








150 Phosphatide Nitrogen 


with hydrogen sulfide. The filtrate was evaporated to dryness 
and extracted with small volumes of ethanol; the alcoholic solu- 
tion was filtered, evaporated to dryness, and taken up in about 
1 ce. of N HCl. This solution was now mixed with an excess of 
freshly ignited calcium oxide, and ethanolamine and choline iso- 
lated by the method of Thierfelder and Schulze (19). 

The ethanolamine picrolonate, washed with 50 cc. of 12 per 
cent ethanol in ether, followed by a large volume of ether, invari- 
ably melted with decomposition at 226-228°, on rapid heating. 
The salt was decomposed, prior to isotope analysis, by warming 
with 5 cc. of concentrated hydrochloric acid, then diluting with 
water, and extracting the liberated picrolonic acid with ethyl 
acetate (20). Two extractions sufficed to remove all colored ma- 
terial from the aqueous phase prior to its digestion in the routine 
Kjeldahl procedure. The amounts of nitrogen obtained in the 
various experiments ranged from 1.5 to 3 mg. 

Choline chloride was precipitated from the alcoholic extract 
(19) by the addition of saturated alcoholic mercuric chloride. 
The precipitate was centrifuged off, washed with ethanol, redis- 
solved in about 10 cc. of boiling water, filtered hot, and allowed to 
cool after the addition of about 1 cc. of saturated alcoholic mer- 
euric chloride. The white crystalline product, dried in vacuo 
at room temperature, melted with decomposition at 248-252°. 


CsHyNOCI;Hgs. Calculated. N 0.81 
Found. ** (Kjeldahl) 0.79, 0.78, 0.81, 0.78, 0.91 


In order to insure that this method of separation of ethanolamine 
and choline was satisfactory, mixtures were prepared as follows: 
(1) 0.5 mm of normal ethanolamine + 0.5 mm of isotopic choline, 
(2) 0.5 mm of isotopic ethanolamine + 0.5 mM of normal choline. 
The N® content of the isotopic component in each case was 2.00 
atom per cent excess. Each of these mixtures was subjected to 
the foregoing separation procedure and the substances obtained 
analyzed for isotope. The ethanolamine obtained from the first 
mixture contained 0.000 atom per cent N"; the choline isolated 
from the second mixture, 0.004 atom per cent N®. As the error 
of the isotope analysis in this range is +0.003 atom per cent, it is 
apparent that in neither case was the product analyzed signifi- 
cantly contaminated with the other component of the mixture. 
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In the experiment recorded in Table II, the crude phosphatides, 
prior to isotope analysis, were purified by a second acetone pre- 
cipitation from petroleum ether solution. The nitrogen content 
of each sample was determined; (Kjeldahl) 1.49 to 2.12 per cent 
found. 

For the isolation of glutamic acid and glycine from the proteins, 
the defatted organs were extracted with 6 per cent trichloroacetic 
acid and then hydrolyzed with 20 per cent hydrochloric acid. 
Glutamic acid hydrochloride was obtained from the concentrated 
hydrolysate by saturating. with hydrogen chloride gas, and was 
purified by repeated reprecipitation from water with hydrochloric 
acid, and finally by recrystallization from 20 per cent hydro- 
chloric acid. 

CsHioNO.Cl. Calculated. N 7.6 
Found. ** (Kjeldahl) 7.8, 7.7, 7.6, 7.8, 7.6 


From the mother liquors of the foregoing precipitation, glycine 
was separated as the trioxalatochromiate (21) and converted into 
the p-toluenesulfony! derivative, which, on repeated recrystalliza- 
tion from water and precipitation from acetone by petroleum 
ether, melted at 147-148°. 

CsHy,NO,S. Calculated. N 6.1 
Found. ** (Kjeldahl) 6.2, 6.1, 5.9, 6.1 

From the urine of the last 24 hours of feeding, ammonia was 
isolated by absorption on permutit (22) and subsequent aeration. 
Urea was obtained as the dixanthydry] derivative (23). 


SUMMARY 


By feeding ethanolamine, choline, glycine, betaine, and ammonia, 
all labeled with N", to rats on a standard basal diet, the origin 
and fate of the ethanolamine and choline of the phosphatides have 
been studied. 

Both ethanolamine and choline of the body phosphatides are 
rapidly replaced by dietary ethanolamine and choline when these 
substances are present in the diet. In the case of choline, the 
liver was found to be the most active, the brain the least active 
in this process. 

Ethanolamine has been shown to serve as a precursor for the 
biological synthesis of choline. 
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One of the substances from which the organism is able to pre- 
pare ethanolamine has been shown to be dietary glycine. 

The major route whereby the animal handles betaine has been 
shown to be demethylation to glycine. The lipotropic activity 
of this compound is therefore ascribable merely to its réle as a 


donor of methyl groups. 


The author wishes to acknowledge his indebtedness to Professor 
R. Schoenheimer for his valuable advice and to Dr. D. Rittenberg 
for his help and cooperation. 
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FURTHER ANALYSIS OF THE ROLE OF ASCORBIC 
ACID IN PHENYLALANINE AND TYROSINE 
METABOLISM* 


By ROBERT RIDGELY SEALOCK, JESSE D. PERKINSON, Jr., 
anp DANIEL H. BASINSKI 


(From the Department of Vital Economics, The University of Rochester, 
Rochester, New York) 


(Received for publication, April 15, 1941) 


Recent investigations have demonstrated the importance of 
ascorbic acid in the metabolism of the amino acids phenylalanine 
and tyrosine. Administration of this vitamin promptly prevents 
the urinary excretion of homogentisic acid by the guinea pig 
(1, 2) and of the a-keto and hydroxy acid derivatives of these 
amino acids by the premature infant (3) and the guinea pig (2). 
In the further investigation of the réle of vitamin C in this phase 
of protein metabolism more extensive experiments with /-phenyl- 
alanine than previously reported (2) were carried out. Whereas 
in the earlier experiment only the a-keto and homogentisic acids 
were determined, in the later experiments the Folin-Ciocalteu 
reagent (4, 5) for tyrosine and certain of its derivatives was 
utilized. Simultaneously the various metabolites were isolated 
from the guinea pig urine. 

With the additional reagent it was possible to demonstrate the 
urinary excretion of a tyrosine-like compound or compounds when 
phenylalanine was fed during the vitamin C-free periods. Upon 
administration of an adequate amount of the vitamin these com- 
pounds were entirely absent, as shown by the negative Folin- 
Ciocalteu reaction. The excretion of a  p-hydroxyphenyl 
derivative was further substantiated when it was found that the 


* Aided by a grant from the Committee on Scientific Research, American 


Medical Association. 
Presented before the Division of Biological Chemistry of the American 
Chemical Society at Detroit, September, 1940. 
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2 ,4-dinitrophenylhydrazone isolated during the vitamin C-free 
period exhibited a melting point corresponding to that of the 
hydrazone of p-hydroxyphenylpyruvic acid rather than that of 
phenylpyruvic acid. 

That the feeding of phenylalanine to premature and full term 
infants during a state of vitamin C deficiency results in the 
excretion of tyrosine metabolites is demonstrated in the recent 
publications by Levine, Marples, and Gordon (6, 7). This agree- 
ment of results with two of the three species susceptible to the 
vitamin deficiency emphasizes the réle of the vitamin in this 
phase of protein metabolism and the necessity of its further 
analysis. 

In this paper the analytical data resulting from the feeding of 
phenylalanine and the a-keto acids, phenylpyruvic acid and p- 
hydroxyphenylpyruvie acid, with and without ascorbic acid, 
are presented. 


EXPERIMENTAL 


l-Phenylalanine was prepared from the synthetic by the resolu- 
tion procedure described by Fischer and Schoeller (8) as modified 
by du Vigneaud and Meyer (9). Phenylpyruvie acid was pre- 
pared as described by Herbst and Shemin (10) and p-hydroxy- 
phenylpyruvic acid by the same general method. 

The methods of feeding the guinea pigs and collecting and 
analyzing the urine samples were those described in the previous 
publication (2). 

In Table I, in which illustrative results are summarized as the 
average daily values of a given period, .the effect of feeding extra 
l-phenylalanine to the vitamin C-deficient animals may be ob- 
served. In addition to the previously reported a-keto acid and 
homogentisic acid, the excretion of the relatively large amount of 
p-hydroxypheny! derivative, calculated as tyrosine and desig- 
nated as tyrosyl value, is to be noted. This may be seen more 
completely in Fig. 1 in which the daily values of one experiment 
are shown as per cent of theoretical yield calculated on the basis 
of the extra amino acid fed. The negative Folin-Ciocalteu and 
homogentisic acid values resulting from administration of vitamin 
C are clearly evident from Fig. 1 and Table I. The small amount 
of keto acid remaining in each case has proved on isolation to be 


phenylpyruvic acid. 
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In the case of phenylpyruvic acid it is evident from Table II 
and Fig. 2 that essentially similar results are obtained provided 


TaBLeE I 
l-Phenylalanine Summary 
The figures recorded are daily average values for the period indicated. 
































Urinary excretion 
Guinea}; p y Weight Ascorbic Compound ~ 

pig No. ays elg acid consumed p— -4 a-Keto | Tyrosyl 
acid acid value* 

gm. mg. mg. | 100 gm. mg. mg. mg. 

205 1-4 272 644 | 237 110 99 Sa 

5-8 265 5 653 | 246 - 37 - 

2] 14 | 332 467 | 141 | 109 | 164 | 196 

5-6 328 10 953 | 291 _ 11 _ 

7-8 338 814 241 91 141 156 

228 1-6 220 250 | 114 26 66 ~~ = 89 

200 1-3 | 302 312 | 103 _ - - 

| 46 | 285 | 714| 251 | 48 | 98 | 108 





* Calculated as tyrosine. 
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Fic. 1. Homogentisic acid (solid columns), a-keto acid (clear columns), 
and tyrosyl metabolite (cross-hatched columns) excretion. The latter 
values are calculated as tyrosine. The arrows indicate the administration 
of 10 mg. of l-ascorbic acid. The per cent of theoretical is calculated from 
the amount of supplement eaten. 


the compound be fed at a sufficiently high level and for a number 
of days prior to vitamin C administration. In fact, the only 
striking difference is to be found in the relatively high keto acid 











Tasie II 
Phenylpyruvic Acid Summary 
The figures recorded are daily average values for the period indicated. 












































| | Urinary excretion 
Guinea | . | = ie 
| Daye | woisne | Mtcrpie | Compound | 
0. gentisic a-Keto | Tyrosyl 
aaa | acid value* 
gm. | mg. mg. 100 gm. | mg. | mg. | mg. 
204 1- 3 300 | | 453 151 | — | 33 
4-10 207 | 5-10} 453 | 153 - | 45 
200a| 3-5 308 | 685 | 222 — | 57 
6-11 | 302 | 530| se2| 285 | — 98 | 
12-17 | 313 g51| 272 | + | 80 
200b|} 1-3 | 309 | | 585) 189 | - 45 - | 
49 | 290 | | 800; 276 | 37 1S4 M44 | 
| 10-14 281 10 | 946) 337 | - 120 _ 
15-20 | 279 | 928 333 | #16 142 55 
214 | 6-13 361 694} 192 | 32 | 185 128 
14-18 | 347 | 10 | 795| 229 | — 101 - 
i | 19-25 329 | 881/ 253 | 17 146 79 
1 230 | 1-3 369 | 712} 198 36 100 73 
i} 4-5 369 | 20 | 498 135 1 | 61 27 
6-7 | 369 | 803 | 218 | 10 89 22 
* Calculated as tyrosine. 
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Fic. 2. Homogentisic acid (solid columns), a-keto acid (clear columns), 
and tyrosyl metabolite (cross-hatched columns) excretion. The latter 
values are calculated as tyrosine. The arrows indicate the administration 
of 10 mg. of l-ascorbic acid. The per cent of theoretical is calculated from 
the amount of supplement eaten. 
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value obtained during the feeding of the vitamin. That this was 
not due to p-hydroxyphenylpyruvic acid was evident from the 
negative Folin-Ciocalteu value and the isolated 2 ,4-dinitrophenyl- 
hydrazone which proved this compound to be phenylpyruvic acid. 
This latter finding is in contrast to that of the vitamin-free period, 
for from the urines of this period sufficient hydrazone of p-hydroxy- 
phenylpyruvic acid was isolated to account for the major part of 
the keto acid values as well as the tyrosine value. From this it 


Tas.e III 
p-Hydroryphenylpyruvic Acid Summary 
The figures recorded are daily average values for the period indicated. 











lea Urinary excretion 
ulmea ° 
Bie | Daye | woicht | Auesbio | Compoand | —— 
gentisic | “acid | value* 
gm. mg. mo. | Toogm. | ™: mg. mg 
204 1-8 328 500 149 12.0 30 66 
9-14 290 5-30 | 500 173 3.0 19 58 
15-18 285 500 132 6.2 13 90 
216 1- 7 512 754 148 8.4 46 232 
8-13 464 10 429 92 - 28 145 
14-17 429 808 188 8.0 51 190 
230a; 6-10 361 1004 283 15.9 34 151 
| 11-12 334 10 1057 321 — 55 176 
| 13-14 334 1438 431 - 56 237 
230b; 1-9 428 1012 236 6.7 33 206 
10-13 386 10 1073 278 4.8 25 169 
14-18 386 956 248 5.7 21 166 





























* Calculated as tyrosine. 


appears that under certain conditions of feeding there is a recip- 
rocal relation between these two a-keto acids. This point, 
however, must be investigated in greater detail. 

Additional confirmation of the positive effect of ascorbic acid 
administration with either phenylalanine or phenylpyruvic acid 
feeding may be seen in Figs. 1 and 2 and Tables I and II. These 
clearly show that, upon withdrawal of the vitamin supplement, 
the metabolites promptly reappear in the urine. 

From these experiments and from those in which tyrosine was 
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fed there was reason to believe that the feeding of p-hydroxy- 
phenylpyruvie acid would lead to similar results. As shown in 
Table III this proved not to be the case, for, in the first place, 
the feeding of this compound under these conditions yields only 
very small amounts of homogentisic acid. Furthermore, it is 
evident that in the absence of vitamin C very little keto acid is 
excreted and with administration of the vitamin little or no change 
is produced. One other point in marked contrast to the results 
obtained when [-tyrosine is fed must be noted. In the latter 
case with the administration of adequate vitamin C, the analytical 
procedures used exhibit negative reactions. When the keto acid 
is fed, the Folin-Ciocalteu reagent indicates the presence of con- 
siderable tyrosine-like compounds in spite of the relatively large 
amount of ascorbic acid administered. 

At the same time, it is evident that much of the supplement is 
unaccounted for during any of the periods. That the keto acid 
is not converted to some compound such as the a-hydroxy acid, 
or the acetylamino acid, in amounts sufficient to account for the 
remainder is apparent from Table III, since both of these com- 
pounds react positively with the Folin-Ciocalteu reagent. Thus 
it is apparent that when p-hydroxyphenylpyruvic acid is fed it 
may be metabolized to a considerable extent irrespective of a 
deficiency of vitamin C. 


DISCUSSION 


Whereas the previously reported experiments demonstrated 
the effectiveness of ascorbic acid in preventing the excretion of 
intermediates arising from either tyrosine or phenylalanine 
metabolism, these results and those of Levine and his coworkers (7) 
clearly show an additional function. This function proves 
to be that of preventing the appearance of a tyrosine metabolite 
in the urine when phenylalanine is fed. When the vitamin is not 
present in adequate amount, a large portion of the amino acid is 
excreted by the guinea pig in a form bearing the characteristic 
phenolic group of tyrosine. Furthermore, entirely similar results 
are obtained if the supplement is phenylpyruvic acid instead of 
the a-amino acid. With both supplements, the major portion of 
the Folin-Ciocalteu value has proved to be p-hydroxyphenyl- 
pyruvic acid, a point confirmed by isolation. In direct contrast 
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are the results found when this latter compound is fed, for its 
subsequent excretion is scarcely influenced by either a deficiency 
or adequacy of the vitamin. It is possible that this latter finding 
may prove of considerable value in determining the point of 
attack of ascorbic acid, since the vitamin so completely prevents 
the excretion of these metabolites when tyrosine is administered. 

Evidence that tyrosine is a non-essential amino acid has been 
presented by Womack and Rose (11, 12) and the actual conversion 
of phenylalanine and phenyllactic acid to tyrosine has been 
demonstrated by Moss and Schoenheimer (13, 14) by means of 
the hydrogen isotope method. Indeed the latter authors have 
shown the extreme readiness with which the conversion takes 
place even though extra tyrosine be included in the diet. In view 
of these findings the appearance of a tyrosine metabolite in the 
urine of a guinea pig fed extra phenylalanine is not surprising. 
That the phenomenon should occur only in the case of a deficiency 
of vitamin C and not at all when the animals receive adequate 
amounts of the vitamin is, however, entirely unpredictable. 

One may well raise the question as to whether these results 
support the view that phenylalanine is converted to homogentisic 
acid by way of conversion first to tyrosine. In this connection it 
is of interest to point out that phenylalanine feeding has resulted 
in lower percentage yields of homogentisic acid than has tyrosine, 
and that phenylpyruvie acid furnishes still smaller amounts. 
Although the scope of these experiments permits no conclusion at 
present, the entire phenomenon affords an opportunity of investi- 
gating further the interrelationship of phenylalanine and tyrosine 
in the catabolism of the former. In the same fashion it affords 
additional facilities for investigating the appearance of homo- 
gentisic acid as a normal catabolite in the course of the oxidation 
of these two amino acids. 

While the question of the mechanism of the action of ascorbic 
acid is extremely important, it is of equal interest to determine 
the nature of the end-products of the metabolism when vitamin C 
is administered. Since these amino acids are known to be keto- 
genic substances, the possibility that the acetone bodies may be 
of importance in this connection is being investigated. This 
aspect, however, as well as other and similar phases will be dis- 
cussed in a later publication. 
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SUMMARY 


The feeding of extra /-phenylalanine to vitamin C-deficient 
guinea pigs results in the excretion of tyrosine metabolites as 
well as homogentisic acid and a-keto acid. The amount of tyro- 
sine derivatives in each instance represents a considerable portion 
of the supplemental phenylalanine. The greater portion of the 
tyrosyl value has proved to be p-hydroxyphenylpyruvic acid. 

Administration of adequate ascorbic acid promptly prevents 
the excretion of all of these metabolites. 

Essentially similar effects are obtained when phenylpyruvic 
acid is fed, whereas the feeding of the p-hydroxy derivative of this 
keto acid under the conditions of these experiments results in 
metabolite excretion only slightly influenced by the administration 
of the vitamin. 
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THE ISOLATION OF A NEW a,§-UNSATURATED KETONE 
FROM THE ADRENAL GLAND 


By J. J. PFIFFNER anv H. B. NORTH 
(From the Research Laboratories, Parke, Davis and Company, Detroit) 


(Received for publication, March 24, 1941) 


In a recent paper (1) we described the isolation of a new steroid, 
17-hydroxyprogesterone, from the first ether-soluble fraction of 
adrenal extracts. In seeking more of the compound for further 
study we examined comparable source material from the second 
ether-soluble fraction. Instead of 17-hydroxyprogesterone we 
isolated a small quantity of a new ketone. It is most likely a new 
member of the C2:0, series of adrenal steroids, seven of which 
have been isolated and their structures established (5, 6). 

The compound crystallizes readily from acetone or ethanol 
in glittering spear head-shaped platelets. It melts with de- 
composition at 261-264°, the melting point varying over a range of 
67°, depending on the rate of heating. The analytical data and 
the result of a molecular weight determination (micro-Rast) 
are in agreement with the formula C2,Hes300.. In chloroform 
the compound exhibits a specific rotation of [a]® = +133°. 
The specific absorption in the ultraviolet? (emax, = 16,400 at 
240 mu) is characteristic of a,8-unsaturated ketones of the choles- 
tenone type (Fig. 1, Curve 1). The compound does not reduce 
ammoniacal silver solution in the cold nor does it precipitate 
with digitonin in 80 per cent ethanol or 50 per cent methanol. It 
gives no color with concentrated sulfuric acid or with tetranitro- 
methane. The Tortelli-Jaffe reaction is negative. The com- 
pound is stable to mild alkaline saponification and to alcoholic 


' For the significance of the terms ‘“‘first’’ and “second’”’ ether-soluble 
fractions in connection with the methods of fractionation, see references 
(2-4). 

* The ultraviolet absorption measurements were kindly made for us by 
Dr. D. T. Ewing, Michigan State College, East Lansing. 
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hydrochloric acid. Its ketonic character was established by the 
preparation of a monosemicarbazone. The preparation of a 
monoacetate, m.p. 208-210°, demonstrated the presence of one 
hydroxyl group. Analysis of the acetate yielded data agreeing 
with a molecular formula of Cy:Hes_300,4 for the parent compound. 
On mild chromic acid oxidation the new ketone gave rise to a 
neutral oxidation product which crystallized from ethanol in 
short rhombic prisms, m.p. 206-208°, and which markedly de- 
pressed the melting point of adrenosterone, m.p. 211-213°. The 
elementary composition agreed with the formula C2:Hoeg2sO,, 
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Fic. 1. Ultraviolet absorption of adrenal ketone, m.p. 261-264° with 
decomposition (Curve 1), and of the neutral oxidation product, m.p. 206 
208° (Curve 2), both in ethanol. 


indicating a loss of only 2 hydrogen atoms on oxidation. It had 
essentially the same ultraviolet absorption characteristics as the 
original compound (Fig. 1, Curve 2). The oxidation product still 
has only one functional carbonyl group, as is evidenced by the 
preparation of a crystalline monosemicarbazone, C22He9_3:04Ns, 
m.p. 242-245° with decomposition. The newly formed carbonyl 
group must be in a hindered position. 

The compound is inactive in prolonging the survival period of 
the adrenalectomized rat. Each animal in a series of four received 
0.25 mg. per day. The average survival period was 6 days, the 
same as control animals. A dose of 2 mg. failed to cause any 
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progestational proliferation in a rabbit uterus. 0.5 mg. of pro- 
gesterone produces a good positive reaction by the slightly modified 
Clauberg technique used. A dose of 1.5 mg. failed to elicit any 
androgenic activity in either of two castrate rats. A standard 
positive response is obtained on the prostate and seminal vesicles 
with 0.75 mg. of androsterone.® 


EXPERIMENTAL‘ 


The second ether-soluble fraction from the extract obtained 
from about 3 tons of adrenal glands (1) was separated into ketonic 
and non-ketonic fractions with Girard’s Reagent T (7). The 
water-soluble hydrazones formed at room temperature were 
fractionally hydrolyzed, a method first employed by Reichstein (8). 
The ketones liberated between pH 6 and 4 were collected in chloro- 
form and when dried weighed 4.2 gm. The sirup was dissolved in 
35 cc. of pyridine and 5 gm. of succinic anhydride added. After 
the mixture had stood overnight, the half ester and neutral frac- 
tions were separated in the usual manner and dried. The neutral 
fraction which weighed 1.7 gm. was dissolved in 2 cc. of acetone. 
It immediately started to deposit thin glittering platelets. After 
it had stood overnight in the refrigerator, the crystals were col- 
lected, washed with small quantities of ice-cold acetone, and 
dried. The crystalline fraction weighed 113 mg. and melted at 
about 245-255° with decomposition. It was recrystallized twice 
from acetone and once from ethanol, yielding 44 mg. of flat spear 
head-shaped platelets melting at 261-264° with decomposition. 
The melting point was not raised nor rendered more sharp by 
further recrystallization. Another 30 mg. of the compound were 
obtained when the mother liquors from the recrystallization were 
worked up. 

The substance is slightly soluble in acetone, ethanol, and meth- 
anol, readily soluble in chloroform, and insoluble in ether, dioxane, 
and ethyl acetate. Its specific rotation in chloroform was [a]? = 
+133° + 4° (c = 2.16). The compound was dried for analysis 
at 0.002 mm. of Hg for 3 hours at 110°. 


* We are indebted to Dr. D. A. McGinty of this laboratory for the pro- 
gestational and androgenic tests. 

‘Melting points are uncorrected. Microanalyses were performed by 
Mr. Clark Chamberlain of this laboratory. The compound was dissolved 
in peanut oil for the biological tests. 
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Analysis—CnH.,0,. Calculated. C 73.21, H 8.20, mol. wt. 344 


Cu Hyo0x. “ 72.78, sad 8.73, ” * 346 
Preparation A. Found. “mom, ean ~ ~*~ OF 
si “* 73.24, “* 8.07 
= B. “ “ 73.13, “* 8.56 
” ** 73.18, ‘* 8.39 


The compound was recovered unchanged after being refluxed 
for 20 minutes in 80 per cent methanol containing 2 per cent 
potassium bicarbonate, also when refluxed for 15 minutes in a 
mixture of 4 parts of methanol and 1 part of dilute hydro- 
chloric acid. 

Semicarbazone—10 mg. of the compound were refluxed for 1 
hour in 2 cc. of 95 per cent ethanol with 25 mg. of semicarbazide 
acetate. After concentration to 0.5 cc., 3 cc. of water were added, 
the mixture chilled, and the product filtered off, washed well with 
ice water, dried, and recrystallized from ethanol-ether, yielding 
5 mg. of small leaflets which sintered at about 230° and gradually 
charred without melting. 


Analysis—CyHyO.Ns. Calculated. C 65.79, H 7.79, N 10.47 
C2H330.Ns. - ** 65.46, “* 8.25, “ 10.42 
Found. ** 64.84, “* 8.34, “ 10.56 


Acetate—23 mg. of the compound were dissolved in 0.5 cc. of 
pyridine and 0.8 cc. of acetic anhydride and heated on the steam 
bath for 1 hour. After the mixture had stood overnight at room 
temperature, the solvents were removed by distillation under 
reduced pressure at 45°. The residue was taken up in ethyl 
acetate and crystallized twice from ethyl acetate-ether, yielding 
12 mg. of hexagonal platelets, m.p. 208-210°. It was dried for 
analysis at 110° at 1 mm. of Hg for 4 hours. 


Analysis—CyHy0s. Calculated. C 71.46, H 7.83 


CH 920s. sa “71.09, “ 8.31 
Found. ** 71.90, “* 8.48 
- ** 71.52, ** 8.87 


Chromic Acid Oxidation—44 mg. of the compound, m.p. 261- 
264°, were dissolved in 2 cc. of glacial acetic acid and 50 mg. of 
chromium trioxide added in 1 cc. of 90 per cent acetic acid. After 
the mixture had stood overnight at room temperature, the excess 
chromium trioxide was discharged with sodium sulfite, the product 


ee 
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was distilled to dryness under reduced pressure, and the ether- 
soluble fraction separated into neutral and acid fractions in the 
usual manner. The neutral fraction weighed 26 mg., while the 
acid fraction weighed 5 mg. The latter was not examined further. 
The neutral fraction was recrystallized twice from ethanol and 
yielded 19 mg. of short rhombic prisms, m.p. 206-208°. A 
mixture with the starting material collapsed at 198-205° to an 
opaque mass which then gradually turned to a clear melt decom- 
posing with gas evolution at 250°. A mixture of the compound, 
m.p. 206-208°, with adrenosterone, m.p. 211-213°, melted at 160- 
170°. The product was dried for analysis at 110° in a vacuum 


for 3 hours. 


Analysis—CyHeO,. Calculated. C 73.64, H 7.66 


Cx HesO,. - “* 73.21, “* 8.20 
Found. “ Jake, “Fae 
_ “* 73.07, “« 7.50 


Semicarbazone of Compound, M.P. 206-208°—6 mg. of the com- 
pound were dissolved in 1 cc. of ethanol and 0.6 cc. of 80 per cent 
ethanol added containing 30 mg. of semicarbazide acetate. After 
being refluxed for 45 minutes, the solution was concentrated to 1 
ec. and 1 cc. of water added. A crop of fine needles separated 
promptly. After thorough washing with ice water they were 
dried for analysis in a vacuum at 100° for 2 hours. The product 
weighed 7 mg. and melted at 242-245° with decomposition. 


Analysis—Cy.H20.N3. Calculated. N 10.53 
CoH 3,03. “ ** 10.47 
Found. ** 10.58 


SUMMARY 


A new a,$-unsaturated monoketone of the probable formula 
Co:Hes_s00, has been isolated from adrenal extracts. It is phys- 
iologically inactive. 
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INFLUENCE OF INCREASED ENVIRONMENTAL TEMPER- 
ATURE ON BLOOD SUGAR, LIVER GLYCOGEN, AND 
ABSORPTION IN RATS FOLLOWING THE 
ADMINISTRATION OF GLUCOSE 
AND STARCH 


By M. A. RAFFERTY anp P. L. MacLACHLAN 


(From the Department of Biochemistry, School of Medicine, West Virginia 
University, Morgantown) 


(Received for publication, April 9, 1941) 


Several workers have studied the influence of increased environ- 
mental temperature on the blood sugar of animals with little 
uniformity of results (Schear (1), Flinn and Scott (2), Weyl (3), 
Rafferty and MacLachlan (4)). Since the blood sugar level is 
normally affected by several factors, it seemed worth while to 
investigate the effect of increased environmental temperature on 
the blood sugar level simultaneously with an examination of the 
amount of absorption from the intestine and the storage of glycogen 
in the liver, following the administration of a known amount of 
carbohydrate. 


Methods 


Male albino rats weighing about 195 gm., previously maintained 
on a diet of Purina Dog Chow supplemented with fresh vegetables, 
were fasted for 48 hours in individual wire cages. They were 
then weighed and fed a known amount of carbohydrate by stomach 
tube, according to the method of Cori (5). Groups of six rats 
were used in each experiment. Three animals were placed in a 
respiratory chamber, described by Rafferty and MacLachlan 
(4), at a temperature of 35.5-36.5° and an average humidity of 
35 per cent, and three served as controls at a room temperature of 
20-21°. Throughout the entire experiment water was provided 
ad libitum. At 1, 2, and 3 hour intervals after the carbohydrate 
feeding the animals were killed by decapitation. Blood samples 
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were collected for the determination of glucose by the method of 
Folin and Wu (6). The whole livers were removed immediately, 
weighed as quickly as possible, and the glycogen content deter- 
mined by the method of Sahyun (7). The factor of Pfliger 
(0.927) was used for the conversion of glucose to glycogen. 

The contents of the gastrointestinal tract were recovered by 
the procedure described by Miller and Lewis (8). In those experi- 
ments in which starch was fed the filtrates were subjected to acid 
hydrolysis prior to analysis. The amount of reducing material 
present was determined by the method of Folin and Wu (6) and 
expressed in terms of glucose. From these values the amount of 
carbohydrate absorbed was calculated. 

The accuracy of the procedure when starch was fed was tested 
as follows: 2 cc. samples of a 50 per cent suspension of starch 
were hydrolyzed and the reducing value determined. Rats were 
fed similar amounts of starch and killed immediately without 
allowing any time interval for the absorption of the carbohydrate, 
and the contents of the tract were analyzed. The results, ex- 
pressed in terms of glucose, consistently showed a recovery of 97 
to 102 per cent. 

One group of six rats was used to determine the normal reduction 
values of the gastrointestinal tract after a 48 hour fast. An 
average value of 8.2 + 2.3 mg. was obtained. The values for the 
amount of carbohydrate absorbed were accordingly corrected 
for the normal fasting reduction value of the intestinal contents 
equivalent to 8 mg. of glucose. 


Results 


The results of feeding control and heat-treated rats (a) 2 ce. 
of a 50 per cent solution of glucose (1 gm.) and (b) 2 cc. of a 50 
per cent suspension of starch (1 gm.) are presented in Table I. 

The rectal temperature of the experimental rats, which were 
subjected to an environmental temperature approximately 15° 
(20.5-36°) higher than the controls, increased from an average 
value of 36.5-40°. 

The blood sugar level of the animals exposed to increased 
temperature was consistently higher than that of the controls, 
whereas the liver glycogen content and the amount of carbohydrate 
absorbed from the intestine were consistently lower. 
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The elevation of the blood sugar in the heat-treated animals 
was greater and more prolonged when starch was fed than after 
glucose feeding. Statistically the increase was significant only 
after starch feeding. 
The decrease in the amount of liver glycogen in the. experi- 
mental animals was statistically significant after both glucose 


TABLE I 
Data on Rats Fed Glucose and Starch 





| 
| 
| 























i=} | s 
Fs E Bod Liver of Blood | Glucose Liver 
G2) % | weight body weight glucose absorbed | glycogen 
<°| 2 | 
Glucose 
| Ars | gm, percent —_|mg. per cent mg. mg. 
Control /1| 6 | 199 4+ 12/ 3.31 + 0.26 150 + 9/2444 26] 624 15 
Experimental) 1 | 5 1199 + 12, 3.23 + 0.23) 164+ 11/ 218+ 62) 32+ 11 
| 0.0)" | (—2.5) | (49.3) | (—10.7) | (—48.4) 
Control | 2| 5 | 194 + 13) 3.33 + 0.14) 155 + 20/507 + 47/1174 8 
Experimental) 2 | 5 | 191 + 15 3.16 + 0.23, 175 + 33) 443 + 88) 87 + 35 
| | (-1.8) | (-4.3) | (412.9) | (—12.6) | (-25.6) 
Control 3/5 | 194 + 11, 3.29+ 0.11 149+ 5) 658 + 103) 161 + 31 
Experimental) 3 5 | 192+ 7/3.19+ 0.06! 169 + 15 599 + 153) 105+ 9 
| | (-1.0) | (—3.0) | (413.4) | (-8.8) | (34.7) 
Starch 
Control 1 | 5 186 + 19/ 3.51 + 0.23| 1454+ 8) 218+ 64) 84+ 23 
Experimental 1 | 5 | 198 + 13) 3.28 + 0.15) 169 + 15) 209 + 64| 46+ 22 
(46.5) | (—6.6) | (+16.5)| (—4.1) | (—45.3) 
Control 2/5 |188+ 9 3.40 + 0.30 144 + 18) 462 + 65/1104 8 
Experimental 2 | 7 | 205 + 17 3.25 + 0.22) 180 + 24 405+ 80| 66+ 20 
| (49.0) | (—4.4) | (425.0)! (—12.3) | (—40.0) 
Control 3 6 186 + 18) 3.42 + 0.29 1724 11) 641 + 23 | 157+ 13 
Experimental 3 | 5 | 190 + 22) 3.21 + 0.22, 211 + 29°618 + 58 | 115 + 30 
| (+2.2) | (-6.1) | (+22.7)| (—3.6) | (—26.7) 


* The figures in parentheses represent the difference in per cent. 


and starch feeding. 





However, as pointed out by Cori (9), even 


if no glycogen is deposited in the liver, an abundant glycogen 
deposition may occur in the muscles. 

Although the amount of carbohydrate absorbed from the 
gastrointestinal tract of the experimental animals after both 
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glucose and starch feeding was consistently less than in the 
controls, the differences were not statistically significant. Cori 
(5) has shown that during the absorption of hypertonic sugar 
solutions from the intestine water is constantly withdrawn from 
the blood. This in turn is replenished from the water depots in 
the skin. He concluded, therefore, that the use of sugar solutions 
of high concentration for absorption work does not result in 
abnormal conditions. 

Despite the fact that the values obtained for the heat-treated 
animals did not always differ significantly from those of the 
controls, it is interesting to note that the direction of change was 
invariably the same for each factor studied. 


SUMMARY 


Following the administration of glucose or starch the blood 
sugar level of rats subjected to an increased environmental 
temperature was consistently higher than in control animals, 
whereas the liver glycogen content and the amount of carbo- 
hydrate absorbed from the intestine were consistently lower. 

Statistically the differences were significant only with respect 
to the liver glycogen content following the administration of both 
glucose and starch, and the blood sugar level after feeding starch. 
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THE PARTICIPATION OF CARBON DIOXIDE IN THE 
CARBOHYDRATE CYCLE 


By A. K. SOLOMON, BIRGIT VENNESLAND,* FRIEDRICH W. 
KLEMPERER, JOHN M. BUCHANAN, anv A. BAIRD HASTINGS 


(From the Mallinckrodt Chemical Laboratory and the Research Laboratory 
of Physics, Harvard University, Cambridge, and the Department of 
Biological Chemistry, Harvard Medical School, Boston) 


(Received for publication, April 24, 1941) 


In previous papers (1, 2), experiments on the use of radioactive 
carbon, C™", to study certain aspects of carbohydrate metabolism 
in rats have been reported. It was shown that glycogen deposited 
in the liver of rats, 2.5 hours after sodium lactate feeding, con- 
tains but 1.6 per cent of the labeled carboxyl carbon of the ad- 
ministered lactate molecules; whereas the actual increase in gly- 
cogen deposited appears to represent 32 per cent of the lactate 
fed. At the same time, measurements showed that 20 per cent 
of the carboxyl carbon appeared in the expired COs. 

The experiments to be reported in this paper are concerned with 
the fate of bicarbonate carbon,' (+4) C, in the rat. We have 
carried out experiments in which rats were fed non-radioactive 
sodium lactate (7.e., all 3 carbon atoms C"”), and, at the same time, 
were also injected intraperitoneally with radioactive sodium bi- 
carbonate (NaHC"O;). Under these conditions, an average of 
0.6 per cent of the radioactivity administered appeared in the 
liver glycogen, indicating that CO, may be intimately concerned 
as an intermediary in carbohydrate metabolism of mammalian 
organisms. Such an observation is consistent with the results 
already reported by Ruben and Kamen and their coworkers (4) 
and Evans and Slotin (5); namely, that CO, can be incorporated 
into organic molecules by a variety of living systems. A descrip- 
tion of the experiments and the results obtained follows. 


*Fellowship Crusade International Fellow, 1939-40, International Fed- 
eration of University Women. 
' We shall refer to carbon in its highest state of oxidation as (+4) car- 


bon (3). 
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Technique 


The preparation of radioactive carbon from boron oxide has 
already been described (1). In the present experiments, the 
procedure was the same except that the C"O, was condensed at 
liquid air temperature in a trap containing about 3 cc. of 0.5 n 
NaOH. After the trap was brought to room temperature, the 
solution was washed out and neutralized to the first perceptible 
color change of phenol red with 1 N and 0.1 N HCl and then diluted 
to 10 cc. The resulting solution was approximately isotonic and 
contained NaHCO; in concentrations varying from 26 mm to 
108 mm per liter. 

At the beginning of the experiments, rats previously fasted for 
24 hours were fed 150 mg. of ordinary C” lactate by stomach tube. 
The C" bicarbonate solution was divided into five portions, one 
of which was injected intraperitoneally immediately after the 
lactate had been fed. The four additional portions were then 
injected at successive half hour intervals for 2 hours. The ex- 
pired CO, was also collected at half hour intervals; and finally, 
after 2.5 hours, the liver glycogen was isolated by the method 
previously described (2). To insure complete removal of all 
(+4) carbon, the glycogen solution was acidified to pH 4 with 
acetic acid, boiled, and neutralized with Na2CO;. In a control 
experiment, designed to demonstrate whether our technique of 
isolating glycogen effectively separated the glycogen from (+4) 
radioactive carbon present in the liver, radioactive NaHC"O, 
was mixed with normal liver in vitro. The glycogen of the liver 
was then isolated as usual, but no trace of radioactivity was found 
in the glycogen. 

As the standard of radioactivity in each experiment, an aliquot 
of the original bicarbonate solution was converted to BaC™Q; 
after addition of inactive Na,COy; as carrier. Measurements of 
this standard were made at intervals during the experiment. 
The glycogen and carbonate samples were counted according to 
the technique and with the corrections already described (2). 

The integrated amount of radioactivity injected in no case 
exceeded 35 microcurie hours. Although this dose is admittedly 
high, the amount of glycogen formed was not materially different 
from that formed (2) with non-radioactive lactate in the absence 
of injected radioactive carbon. This would indicate that the 
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amount of radioactivity administered did not significantly modify 
the metabolic processes studied in the present set of experiments. 


Results 


Radioactivity of CO, and Glycogen—The results of the experi- 
ments are given in Tables I and II. In Table I, Columns 3 and 


TaBLe I 
Radioactivity in Liver Glycogen after NaHCO, Administration 
At zero time, all rats were fed 150 mg. of lactic acid as sodium salt in 2 
ec. of water. 












































Solution injected Liver Glycogen 
Experi- Rai = R ii ti 
amt weight FA — Total weight| .S¥-, | pormedt ts 
| ‘een men | cogen® | Orme" Per cent | Per cent 
Zz injected | error 
(1) (2) (3) (4) (5) (6) |; @ (8) (9) (10) 
gm pA | p> | ce. gm. | percent| mg 
1 133 78 33 5.0 | 5.16] 1.36 64 1.08 | 1.3 
2 114 78 33 5.0 | 3.80 | 0.67 21 0.26 | 5.9 
5 150 81 67 7.5 | 5.50) 1.30 65 0.42) 2.4 
6 158 26 107 7.5 | 6.46 1.15 66 0.31 | 16.3 
7 119 101 40 7.5 | 5.24" 1.27 60 0.804 1.8 
8 129 85 63 7.5 | 5.004 1.83 85 0.80-| 3.1 
9 /| 128 86 63 7.5 | 4.21 1.22 47 1.06 | 2.4 
lift 161 108 36 7.0 | 6.82) 1.25 77 0.44 | 1.6 
A err) Pal et Se 61 0.65 











* Expressed as mg. of glucose per 100 mg. of wet liver. 

t Corrected for the amount previously found in the liver of fasted con- 
trols (0.12 per cent). 

{2 hour experiment. 


4 give the composition of the NaHC"O,-NaCl solution injected, 
and Column 5 the total amount injected. The amount (in mg.) 
of glycogen formed, after correction for the amount found in the 
livers of fasted controls (0.12 per cent), is found in Column 8; 
Column 9 gives the radioactivity of the glycogen expressed as 
per cent of total radioactivity administered, and Column 10 the 
probable statistical error of this figure. 


a 
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In Table IT the observations on expired CO, and the proportion 
of glycogen carbon derived from (+4) carbon are summarized. 
The radioactivity excreted is expressed as per cent of the total 
radioactivity injected. The amount of (+4) carbon incorporated 
into the glycogen, as given in Column 9, was calculated on the 
basis of the following assumptions: First, the specific activity, the 
C"4:C® ratio of the (+4) carbon, though changing rapidly, is 
the same in the tissue fluids of all parts of the body at any par- 
ticular moment. Consequently, during a given small time in; 


TABLE II 


Proportion of Radioactivity Excreted and Proportion of Glycogen Carbon 
Derived from (+4) Carbon 


















































Radioactivity in expired CO:, per cent of total | (+4) | Glycogen 
Experi- amount injec Total carbon | carbon 
= | | | | | a. sted lato trom Ch) 
oO. j 
= — — — ——" Total P glycogen carbon 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
mM mM per cent 
1 11.7 | 12.2 | 12.2 9.0 11.2 | 56.3 17.2 0.332 15.6 
5 9.8 7.7 | 13.2 | 14.1 7.8 | 52.6 26.2 0.209 9.7 
6 7.6 | 10.9 | 12.2 | 12.3 8.4 | 51.4 27.7 0.167 7.6 
7 9.9 9.4 6.9 | 10.8 10.8 | 47.8 16.6 0.278 13.9 
8 9.6 | 12.1 | 13.9 | 10.2 12.5 | 58.3 14.1 0.194 6.9 
9 9.8 8.6 | 12.2 | 12.9 10.6 | 54.1 11.3 0.222 14.2 
11* 8.4 | 13.2 | 11.7 | 11.5 44.8 31.0 0.304 11.9 
Rs 3. aS bea vp deeds su «khan . | §2.2 | 11.4 





*2 hour experiment. For the first two injections, 1.5 cc. were used; 
for the last two, 2.0 ec. 


terval, both the expired CO, and the (+4) carbon taken into the 
glycogen would have the same specific activity, since both are 
derived from the tissue fluids. Second, if the rates of CO, ex- 
cretion and (+4) carbon assimilation into glycogen have a con- 
stant ratio to one another, the total quantities of CO, involved 
must also have the same specific activity. The amount of (+4) 
carbon incorporated into glycogen can then be calculated from the 
specific activity of the expired CO, and the amount of C™ present 
in the glycogen. The excreted CO: in mm, given in Column 8, is 
calculated from the weights of the barium carbonate precipitates. 
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Column 9 gives the mm of (+4) carbon incorporated into the 
glycogen molecule, the figures obtained by multiplying the mm 
of excreted CO: by the ratio of the per cent of injected radioac- 
tivity in glycogen to the per cent of injected radioactivity in ex- 
pired COz. The final column gives the per cent of the carbon of 
the newly formed glycogen which at one time existed as bicar- 
bonate or COs in the body of the rat. These figures vary from 7 
to 16 per cent, and have an average value of 11 per cent. If 1 
carbon atom in 6 of the glycogen had had such an origin, the value 
would have been 16.6 per cent. This value was approached in 
three experiments (Nos. 1, 7, and 9) but exceeded in none. 

Recovery of Radioactivity Administered—The expired CO: ac- 
counted, on the average, for 52.2 per cent of the radioactivity and 
the glycogen for 0.6 per cent. ‘An attempt was made to account 
for the remainder of the administered C". 

Determinations were made of the amount of C™ not absorbed 
from the peritoneal cavity. Three experiments were carried out 
in which, after careful washing and addition of NazCO; as a 
carrier, the peritoneal contents were acidified and aerated; the 
CO, obtained was absorbed in NaOH, and finally precipitated as 
BaCO;. The results showed that over 99 per cent of the injected 
radioactivity had been absorbed. Urine carbonate was collected 
in the same way. The average of three experiments. indicated 
1.3 per cent of the radioactivity was excreted by this path. The 
radioactivity of COs isolated from bone was found to represent 
1.8 per cent of the administered C™. 

The radioactivity in the soft tissues was measured by direct 
count of a weighed portion of the tissue. Although a correction 
was made for self-absorption, these measurements cannot be re- 
garded as accurate. Counts on kidney, spleen, testis, lung, heart, 
skin, and muscle showed that the activity per gm. of wet tissue 
was about equal for each organ and amounted to approximately 
0.05 per cent of the injected radioactivity per gm. All tissues 
examined contained some activity. Part of this might, of course, 
be accounted for as (+4) carbon. The average C™ present as 
(+4) carbon in the fluids of the body can be estimated from the 
(+4) carbon content of the body fluids of the rats, 7.e. about 2 
mm, and the specific activity of the excreted carbonate. If 20 
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mM of CO, containing 50 per cent of the injected dose are ex- 
ereted during the 2.5 hour period, one would estimate that 5 per 
cent of the injected C™ would be present in the fluids of the rat as 
(+4) carbon. This figure is probably too high, however, since 
the animal is killed 0.5 hour after the last injection, and the specific 
activity of the CO, excreted tends to decrease in the second 15 
minutes of the half hour period. 

Our attempts to date to account for the injected radioactivity 
may be briefly summarized as follows (expressed as per cent of 
the amount injected): 


ns os ie a eit bd ebeded se sgun i kas’ — 
ec eeecudacscctauecravceass 0.5 
ILD, oc PEGG Cues oko ott so kekh cect bwels beets chs 1.3 
IE PML. Ba Sa at SAG), CU ak « ddos bd U de 6008 c's 1.8 
Bawer apenas OF oon cick ceicccceess acta wish vena 0.7 
Body fluids (+4) C.................0... taeansies . 5.0 

I so n.nds Us vehanepsencahasnns epenee 61.5 


This leaves about 39 per cent of the C“ unaccounted for. Our 
measurements of the radioactivity of the soft tissues have been 
too inaccurate and incomplete to permit the assignment of specific 
values to them. However, it would appear possible that a large 
proportion of the injected C™ may be present in organic com- 
bination. 

Radioactivity of Muscle Glycogen—In view of the relation of 
muscle glycogen to liver glycogen, the activity of muscle glycogen 
was determined in three .experiments. Muscle samples were 
removed and the glycogen was isolated for determination of its 
radioactivity. The results given in Table III are in two cases 
completely negative, the figures given being the smallest amount 
which could have been detected at that time. The sole positive 
result (Experiment 8) had an average probable counting error of 
44 per cent, making the result entirely inconclusive. The fifth 
column gives the per cent of the activity which would have been 
found had the muscle glycogen contained as much activity as the 
liver glycogen. The results of these experiments show that there 
has been no significant interchange between the liver and muscle 
glycogen within the experimental period, and that the muscle 
glycogen could not have had an origin similar to that of the liver 


glycogen. 
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C" Incorporation in Liver Glycogen of Unfasted Rats—The in- 
corporation of C"™ in liver glycogen occurs to an appreciable ex- 
tent only when the animal is actually making and depositing gly- 
cogen. This was proved by means of the following experiment. 
A rat weighing 133 gm. was injected with C™ solution exactly as 
described in the previous experiments. The solution used con- 
tained 22 mm of NaCl and 112 mm of NaHCO; per liter. The 
rat was not fasted and no lactate was fed. The animal was sacri- 
ficed 2.5 hours after the first injection. The liver weighed 6.34 
gm. and contained 4.01 per cent glycogen. This glycogen con- 
tained 0.014 + 0.015 per cent of the C" administered, an amount 
far less than that found in the glycogen formed after lactate feed- 
ing. The expired CO, contained 49.6 per cent of the administered 














Taste III 
Radioactivity in Muscle Glycogen 
| 
" | Radioactivity : 
" : Weight of muscle ° in com 
Experiment No. pl Glycogen* found of muscle amount of liver 
—— glycogen pt tb 
ie gm. mg. per cent per cent 
5 3.57 9.4 <0.01 0.06 
7 4.69 19.2 <0.018 0.22 
8 4.33 39.4 0.008 0.35 











* Expressed as mg. of glucose. 


radioactivity. The animal, therefore, was probably incorporating 
(+4) carbon at about the same rate as the fasted rats which had 
been fed lactate, but much less of this carbon appeared in the 
liver glycogen. This experiment furnishes additional evidence 
that the radioactivity found in liver glycogen is actually present 
in the glycogen molecule and has entered the “carbohydrate 
system’’ at some stage of the process of glycogen formation follow- 
ing lactate administration. 

Is the C™ in the Glycogen or an Impurity?—In order to establish 
with certainty whether the radioactivity of the liver glycogen was 
due to the presence of C™ in the glycogen molecule, rather than in 
some impurity precipitated with the glycogen, three attempts were 
made to hydrolyze the glycogen, prepare a glucosazone, and obtain 
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measurements of its radioactivity. Because of the difficulty of 
carrying out all of the necessary procedures within the time 
available for accurate counting of radioactivity, only one experi- 
ment was successfully completed. This experiment will be de- 
scribed in detail. 

In Experiment 11 (Table II), one-third of the liver glycogen was 
taken for determination of its radioactivity in the usual manner, 
The remainder was hydrolyzed in 5 Nn H2SO, for 20 minutes, neu- 
tralized, filtered, and the glucose converted into glucosazone (6), 
after the addition of glucose as a carrier. Since the reaction was 
not quantitative, an estimate of the recovery of glucose from the 
original amount of glycogen was made by means of the weight of 
the osazone isolated and the sugar content of the solution from 
which it was formed. According to this calculation, which may 
be in error by 20 per cent, the osazone should have contained 
about 16 per cent of the radioactivity present in the total initial 
glycogen sample. The radioactivity actually found amounted 
to 9.7 per cent, with a probable counting error of 22.3 per cent. 
The experiment is reported as evidence that a great part of the 
radioactivity measured in the isolated glycogen is actually present 
as C" in the glycogen molecules. 

DISCUSSION 

Wood and Werkman (7) have previously demonstrated the up- 
take of CO, by heterotrophic bacteria, and have suggested that 
the phenomenon may have general biological significance. With 
the use of C", Ruben and Kamen and their coworkers (4) have 
also shown that (+4) carbon can be incorporated into organic 
molecules by a large variety of living systems. While recognizing 
that their results may be explained by the simple reversal of a 
decarboxylation, they take the view that CO: is necessary and 
highly important in the biological synthesis of organic molecules. 
The fact that CQOz is essential for the growth of many micro- 
organisms constitutes strong evidence in favor of such a hypothe- 
sis. Furthermore, the findings of Evans and Slotin (5), and of 
Krebs and Eggleston (8) with pigeon breast muscle, indicate that 
the formation of a 4-carbon acid from pyruvic acid and CO, may 
actually constitute the reaction for which CO, is essential and the 
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mechanism by which CO, enters into organic combination. The 
fact that such a reaction occurs in heterotrophic bacteria lends 
support to this hypothesis (7, 9, 10). Combining this hypothesis 
with the reactions of the glycolytic cycle provides a reasonable 
explanation for our results. Although our evidence does not 
enable us to rule out certain alternative explanations, the follow- 
ing series of reactions seems to be adequate. It is presented as 
a working hypothesis, requiring further investigation to establish 
its validity. 

The assumption is made that lactic acid can be converted into 
glycogen by a reversal of the established steps of the glycolytic 
process except for the step involving the formation of phospho- 
pyruvate from pyruvate. The incorporation of (+4) carbon in 
the carbohydrate cycle may occur during the process of phospho- 
pyruvate formation, since this is the only step of the cycle not 
found to be reversible? (11). The manner in which (+4) carbon 
can enter into this step in the synthesis of glycogen is indicated 
below. 

First, CO, combines with pyruvic acid to form oxalacetic acid. 


Oo O ) ) O 
H | 7Z7 ~~ 2 2 ae 
Co, + HC—C—C a c™—c—C—C 
H Ny fodr el » 
OH HO OH 


This would introduce 1 tagged atom in the position indicated. 
Lipmann (12) and Kalckar (13) have recently suggested that 
phosphopyruvate may be formed by decarboxylation of a phos- 
phorylated dicarboxylic acid. The possible reactions have been 
summarized by Lipmann as given in the accompanying formula. 


* Cori has reported (unpublished results presented at the annual meet- 
ing of The Federation of American Societies for Experimental Biology at 
Chicago, April 18, 1941) that the conversion of hexose-l-phosphate into 
hexose-6-phosphate is reversible. The formation of glycogen from glucose 
would, therefore, be expected to occur without incorporation of (+4) 
carbon. Preliminary experiments indicate that this is the case when the 
process occurs in vitro with rabbit liver slices. Jn vivo, however, (+4) 
carbon is incorporated into liver glycogen formed after glucose feeding to 
about the same extent as after lactate feeding. 
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CH-COOH 
l + H,PO, —— 
CH-COOH 
Toten _oy CH-COOH 
—p 


| 
CHO. (PO;H:) -COOH CO(POsH:)-COOH 


CH-COOH CH; 
—— 


| | 
CO(PO,H:)-COOH CO(PO;H:)-COOH + CO, 


Fumaric acid can readily be formed from oxalacetic acid. The 
labeled carbon introduced into one carboxy! position would then 
be randomly distributed in both carboxyl groups, since, in fu- 
marate, the two groups are indistinguishable. Half of the labeled 
carbon atoms which had entered the molecule in the addition of 
CO; would, therefore, be split off by the decarboxylation of the 
phosphorylated acid. Each pair of phosphopyruvate molecules 
transformed into glycogen would, therefore, contain 1 labeled 
carbon atom. Such a mechanism would predict that a maximum 
of 1 labeled carbon atom in every 6 would be found in the glyco- 
gen. The fact that this maximum value was approached in 
only three out of seven experiments might be due either to a high 
initial concentration of glycogen in the liver or to the fact that 
malate might be phosphorylated rather than fumarate and the 
velocity of passage through the fumarate stage is not great 
enough to distribute the labeled carbon completely. It is signifi- 
cant, however, that the value never exceeded 1 carbon atom in 6. 

The series of reactions outlined above may also be extended to 
account for the results previously obtained with radioactive lac- 
tate (2). Here, we may assume that either the 3- or the 4 
carbon chains involved are diluted by a group of such chains ac- 
tually or potentially present (as, for example, the 3- and 4-carbon 
chains of the amino acids combined in proteins). The findings 
of Schoenheimer and Rittenberg and their coworkers (14) prove 
that amino acids must constantly be entering and leaving pep- 
tide chains. This fact, coupled with the phenomena of trans- 
amination (15, 16), could account for such a dilution. The exact 
manner in which these “dilution” effects operate cannot be formu- 
lated clearly, but they must certainly occur at one or several of 
the stages involved in the formation of glycogen from 3-carbon 
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chains. The (+4) carbon must enter every hexose unit so formed, 
but the identity of the original lactate chain which has been fed 
is lost. Then, one would expect that results obtained with lactate 
labeled in the carboxyl position and with lactate labeled in the 
a or 8 position would differ by a factor of 2, since the former 
molecule would have lost about half of its labeled carbon by 
decarboxylation. Comparison of results of two successful ex- 
periments on the second type of lactate with results previously 
obtained (2) with the first type indicates that this is, indeed, the 
case. 

There are, of course, alternative, though less probable, hy- 
potheses which could account for our results without the formation 
of a 4-carbon chain. For example, phosphopyruvate might be 
formed directly from pyruvate, about half of whose carboxyl 
carbons had interchanged with (+4) carbon. In this case, it is 
difficult to see, however, why the interchange should be limited to 
just half the molecules or less. 

The first hypothesis accounts quite well for the observed fact 
that a maximum of | in 6 carbon atoms is labeled. Ruben and 
Kamen (4) state that the carboxylase of yeast is practically irre- 
versible. If this should also be true for the animal enzyme, 
pyruvic acid oxidase, the interpretation involving simple inter- 
change of CO, with the carboxyl group of pyruvic acid would be 
definitely excluded. 


We wish to express our thanks to the Harvard cyclotron group 
and especially to Dr. B. R. Curtis for their kind cooperation in 
supplying the radioactive carbon. We also wish to thank the 
Milton Fund for aid which has made this work possible. One of 
us (A. K. 8.) would like to express his thanks to the Ella Sachs 
Plotz Foundation for a grant to provide the lead protection 
necessary for these experiments. 


SUMMARY 


1. Radioactive bicarbonate was injected into fasted rats after 
administration of lactic acid by stomach tube. The glycogen 
formed in the liver contained 0.3 to 1.1 per cent of the C™ ad- 
ministered. 
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2. Calculations show that, on the average, about 1 in 8 car- 
bon atoms of the glycogen is derived from (+4) carbon. 

3. Possible reactions involving the formation of phosphopyru- 
vie acid through the 4-carbon acid cycle have been described to 


account for these results. 
4. About 60 per cent of the injected C™ has been accounted for. 


Much of the remainder is possibly retained in organic combina- 
tion in the body of the rat. 
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A QUARTZ FIBER BALANCE 


By OLIVER H. LOWRY* 


(From the Carlsberg Laboratory, Copenhagen, Denmark, and the Department 
of Biological Chemistry, Harvard Medical School, Boston) 


(Received for publication, May 7, 1941) 


In the course of quantitative histochemical studies of tissue 
sections, a need has been encountered for a balance capable of 
weighing amounts of material varying from 5 to 100 y. The 
ordinary microbalance is inadequate for this purpose. There 
follows the description of a simple quartz fiber balance with a 
sensitivity of about 0.03 y and a reproducibility of 0.1 y. The 
maximum load is 200 to 300 y. 

The principle used is that of measuring the displacement pro- 
duced in a horizontal quartz fiber when a weight is suspended from 
the free end. Hollow quartz fibers were made by drawing out 
slender quartz tubes until a uniform fiber of the desired flexibility 
was obtained. The balance consists of such a fiber, 20 cm. long 
(see A, Fig. 1), mounted nearly horizontally by fusing one end (B) 
to a low tripod (C) made of 1 or 2 mm. quartz rod. The free 
end of the fiber (D) is bent into a tiny “v” in a plane at right angles 
to the fiber axis. The fiber is adjusted so that without a load the 
free end (D) is 12 to 15 cm. above the tripod. The fiber and its 
tripod are mounted inside a metal cylinder (Z) 25 cm. long and 18 
em. in diameter (a gallon tin can) lying on its side. The open 
front of the cylinder is closed with a removable, tight fitting, glass 
plate (F). The tip of the fiber (D) extends to within 3 or 4 cm. 
of the opening of the cylinder directly over the central axis. The 
tripod is held in place with De Khotinsky cement and the entire 
cylinder is mounted very rigidly on a heavy wooden block. 

Weighings are made by observing the position of an arbitrary 
point on the fiber tip with a cathetometer (Q) reading to 0.01 mm. 


* Supported in part by the Commonwealth Fund. 
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The receivers for the tissues are quartz fibers 1 cm. long with a 
2 mm. diameter loop in each end (@). These hooks, which have 
been previously adjusted to the same weights, are hung on a glass 
rack (H), which consists of a series of 0.5 mm. diameter pegs (J) 
projecting at 3 cm. intervals from a large tube supported by a 
tripod. A glass spring (K) keeps each hook from blowing off. 

Weighings are made by first determining with the cathetometer 
the deflection produced by each empty hook. One hook is kept 
as a standard and subsequent measurements are made relative to 
this hook. Thus, if the cathetometer is disturbed during the 
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Fig. 1. Diagram of a simple quartz fiber balance 


weighing, it is only necessary to reweigh the standard. The 
hooks are transferred with a Pyrex rod (L) about 1 mm. in diam- 
eter which is drawn toward the end to 0.2 mm. The end of this 
rod (M) is bent at right angles 5 mm. from the end, and this bent 
end slips inside the loop of the hook during transfer. The balance 
fiber is held still when the hooks are added or removed by use of a 
second straight rod (VN). The readings are taken 1.5 to 2 minutes 
after the case is closed. Successive observations agree to 0.03 mm. 

The tissue slices used are frozen sections, prepared according to 
the method of Linderstrgm-Lang (1). Before they are transferred 
to the hooks hanging on the rack, a 3 to 5 c.mm. drop of water 
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is placed in the lower loop with a fine tipped pipette. The frozen 
section is transferred into the water on the hook by means of a 
fine straight rod. The rack with the hooks is then placed in an 
oven at 100° for 30 minutes and the hooks are reweighed. If 
removal of neutral fat is desired, the hooks may then be dipped 
in ethyl or petroleum ether for 30 minutes, redried in the oven, 
and reweighed. 

The relation between the displacement of the fiber and added 
weights is determined by drying known volumes of a standard salt 
solution on the hooks. 3 to 10 c.mm. of solution are transferred 
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Fig. 2. Calibration curve plotted in terms of the displacement of the fiber 
against the weight of the dried salt solutions added on the hooks of the 
balance apparatus. 
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quantitatively to the lower loop with a Lang-Levy hand pipette 
(2) having a fine tip. The transfer is smoother if 1 or 2 c.mm., of 
distilled water are already on the loop. The solutions are dried, 
the displacement of the fiber observed, and a calibration curve in 
terms of displacement and weight is plotted (Fig. 2). 

The hooks used with the balance are made from pieces of solid 
quartz fiber weighing about 0.03 mg. per em. A bend is produced 
in one end of a 3 or 4 em. length by holding the tip in a small 
oxygen flame and allowing the rush of gases to bend the tip as it 
softens. By manipulating the fiber, a complete circle of the 
desired diameter (2 mm.) will be produced. A number of such 
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quartz hooks are now adjusted by clipping off the straight ends with 
a pair of scissors until the desired weight is obtained, as indicated 
by the proper deflection of the fiber balance. A series of hooks 




















TaBie I 
Weights Obtained by Drying Known Volumes of Salt Solutions 
Sample added to hook Calculated| Found Difference 
7 7 per cent y 

8.94 c.mm. 0.0667 n K,SO,........ 51.8 51.88 +0.2 +0.08 
a cases. 51.8 51.80 0.0 0 
Si ll dN 51.8 51.50 —0.6 —0.30 
ae © seen FP cericecs 51.8 52.10 +0.6 +0.30 
| Eg A 51.8 51.45 —0.7 —0.35 
8.94 “ 0.0500 ‘* NaCl. 2 ee 26.00 —0.5 —0.13 
8.94 “ 0.0500 “ . ...| 26.13 26.06 —0.3 —0.07 
Se ee on cucmee 26.13 26.26 +0.5 +0.13 
de 0 ke 26.18 +0.2 +0.05 
i ha 26.13 25.86 —1.0 —0.27 
a5" Gee @* winced DS 11.76 —0.8 —0.09 
ae ee ee we 11.85 11.70 | —1.3 | —0.15 
4.06 “ 0.0500" * _ 11.85 11.73 —-1.0 | -—0.12 
4.06 “ 0.0500" “ | 11.85 11.90 | +0.4 +0.05 
4.06 “ 0.0500°% *“* | 11.85 11.92 +0.6 +0.07 
2.185 “ 0.0500 ‘“ | 6.48 6.44 —0.6 —0.04 
2.18 “ 0.050% “ . ..| 6.48 6.85 +5.7 +0.37 
2.18 “ 0.0500" “ . 6.48 6.43 —0.7 —0.05 
ae ee SF . fk 6.48 6.50 +0.3 +0.02 
a cal 6.48 6.43 —0.7 | —0.05 
ae Se” wesw 2.93 3.06 +4.3 | +0.13 
hl lUc—————h CO: + 2.93 2.90 —1.0 | —0.03 
ee ee fw wecen 2.93 3.06 +4.3 | +0.13 
0.987 “ 0.0500" “0... 2.93 | 2.97 | +1.3 | +0.08 
a ee ews 2.93 2.86 —2.3 —0.07 
26.84 y NaCl converted to Na,SO, 

RT A 32.62 32:21 | -1.3 | —0.41 
18.04 y NaCl converted to sulfate 

0 Ee ey a a Oe 21.92 21.66 | —1.2 | —0.26 
9.17 y NaCl converted to sulfate on 

Feria, Aosta ieer plete dl 11.14 | 11.11 | -0.3 | —0.03 








is made each of which will bring the fiber tip to the same posi- 
tion to within a few mm. Now the straight end of each hook is 
bent in a flame into a second loop. If a double loop in the lower 
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end (G@’) is produced, water will adhere more easily, but the loop 
will be more fragile, and for handling tissue a simple loop suffices. 

Table I shows the weights obtained from drying known volumes 
of salt solutions. The agreement is seen to be about 0.1 y, except 
with the larger samples, in which case the pipetting error enters in. 


TaB.e II 
Dry Weights of Liver Slices Cut from Cylinder 4.2 Mm. in Diameter with 
Microtome Set To Cut 10 Mp Sections 








Total dry weight | Weight after defatting Weight of fat Coleutnted Stshace 

7 7 7 mp 
39.6 37.9 1.7 9.2 
43.4 41.2 2.2 10.1 
41.6 39.3 2.3 9.6 
42.9 40.8 2.1 10.0 
45.9 44.1 1.8 10.7 
40.8 38.7 2.1 9.5 
44.4 41.4 3.0 10.3 
45.5 10.6 














TaBLgz III 


Dry Weights of 15 Mu Frozen Sections of Pig Gastric Mucosa Cut Parallel to 
Surface, from a 4.2 Mm. Plug 




















S ice No, | Distance from | Dry weight Fat | Fat fret far'd® | Fat per liter 
mm. 7 7 gm. gm. 
21, 22 0.31 61.3 3.6 139 8.7 
33, 34 0.50 67.1 4.0 152 9.6 
45, 46 0.67 79.7 5.5 179 13.2 
56, 57 0.84 84.7 6.4 189 15.4 
66, 69 1.01 118.7 6.7 269 16.1 
76, 79 1.16 101. 6.2 229 14.9 
92, 93 1.37 93.0 3.9 214 9.4 
110, 111 1.65 117.4 2.1 277 5.1 








Table II shows a series of weights of liver slices made to test the 
uniformity with which the microtome was cutting frozen sections. 

Table III shows a series of sections of gastric mucosa in which 
the sections begin near the surface of the mucosa and progress 
toward the outside. The increase in solids is seen as the parietal 
cell area is reached. The tissue is from pig stomach. 
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DISCUSSION! 


It is possible to make fiber balances of great sensitivity, but a 
major limitation is the smallness of the permissible load. This 
will decrease as the sensitivity increases. 

Small displacements of the tip of any horizontal, solid, circular 
rod may be represented by D = 64WL*/3rEd‘. For quartz, this 
becomes D = WL’ mm./10°d*‘ where D is the displacement in mm., 
W is the weight in mg. causing the displacement, L is the length of 
the fiber in mm., £ is the modulus of elasticity which for quartz 
is 7 X 10° mg. per sq. mm. 

Although this formula is inexact for the relatively large dis- 
placements employed with the fiber balance, it serves as a useful 
guide. The displacement due to the weight of the fiber itself is 
half of that due to the same weight placed at the tip. 

For any given diameter of fiber, there is a maximum length at 
which the fiber can still support its tip. This length would then 
correspond to a maximum sensitivity for a given fiber, the sen- 
sitivity varying as the cube of the length. If it is assumed that 
a practical length is such that the self-displacement of the tip is 
equal to the fiber length, then the weight of the fiber at this 
practical maximum length is W; = 2.1P°L‘/E where P is the 
density of the fiber. For quartz, this becomes W; = 1.451‘ mg./10° 
and since half of this weight at the tip would produce the same 
displacement, L, the sensitivity at this length will be roughly 
W/displacement = 0.7L’ mg./10° mm. 

Thus, if fibers are all used at nearly the maximum sensitivity, 
the sensitivity will decrease with the cube of the length. For 
example, a solid quartz fiber 20 cm. long, of 0.075 mm. diameter, 
and weighing 2.5 mg. will comfortably hold up its head, and will 
have a sensitivity of the order of 6 X 10-* mg. per mm.; whereas, 
a fiber 2 cm. long, of 0.0025 mm. diameter, and weighing 2.5 x 10~ 
mg. will have a sensitivity of approximately 6 < 10~* mg. per mm. 
If the fibers are hollow, they will be lighter and can, therefore, be 


1 Bazzoni (3) has described a quartz fiber balance designed for following 
changes in the weight of an object left on the balance for long periods. 
This balance does not, however, appear suited for weighing objects directly, 
since Bazzoni mentions that if an object to be weighed were shifted slightly 
in its position on the balance there resulted a large change in the displace- 
ment of the fiber. 
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made longer and more sensitive than solid rods of the same 
diameter. 

There are two obstacles to be controlled in weighing small 
particles: electrostatic charge and air currents. The effects of 
electrostatic charges are minimized by mounting in a metal con- 
tainer, which effectually cancels out vertical components. If the 
box is air-tight, air currents left after.a few minutes are presumably 
due to unequal temperature most likely due to over strong lighting. 


SUMMARY 


1. A simple quartz fiber balance has been described, with a 
sensitivity of 0.03 y and a capacity of 200 y. 

2. With this balance, the distribution of dry matter and fat 
was measured in hog gastric mucosa. 


The author wishes to thank Professor K. Linderstrgém-Lang and 
Professor A. Baird Hastings for their very valuable help and 
advice. He would also like to thank Mr. K. R. Mogensen for 
assistance in preparing the frozen tissue slices. 
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THE ROLE OF ARGININE AND GLYCINE IN CHICK 
NUTRITION* 
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E. B. HART 
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of Wisconsin, Madison) 


(Received for publication, April 26, 1941) 


Studies on simplified diets for chicks by Almquist and coworkers 
(1) and in this laboratory (2) have shown that chicks require gly- 
cine and certain carbohydrates for normal growth. Arginine, to- 
gether with these two materials, produced marked growth re- 
sponses when added to a simplified ration containing 18 per cent 
of casein (2). When the basal ration was modified to include 10 
per cent of yeast and additional choline, the principal deficiencies 
were arginine and glycine, since the addition of chondroitin did 
not increase the rate of growth appreciably. This modified ration 
has been used in further studies on arginine and glycine. 

Many investigators have studied the possible relation of arginine 
and glycine to creatine formation. The literature has been re- 
viewed by Rose (3) and Thomas (4). More recently the work 
of Borsook and Dubnoff (5), du Vigneaud and coworkers (6), and 
Bloch and Schoenheimer (7) has demonstrated the utilization of 
arginine, glycine, and methionine for creatine formation in the 
rat. It has not been shown, however, that arginine and glycine 
are necessary in the diet of the rat to obtain normal creatine pro- 
duction. Since the chick either has a greater requirement or less 
synthetic ability to produce arginine and glycine than the rat, 


* Published with the approval of the Director of the Wisconsin Agricul- 


tural Experiment Station. 

Supported in part by a grant from the Wisconsin Alumni Research 
Foundation. 

We are indebted to the Works Progress Administration, Project No. 
8649, for assistance in the care of animals. 
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this species may prove more satisfactory for the determination 
of the réle of these amino acids in the synthesis of creatine. 

In this paper we wish to present evidence for the requirement 
of glycine and arginine for normal creatine formation in the chick, 
and observations upon deficiency symptoms resulting from a lack 
of these amino acids. 


EXPERIMENTAL 


The basal ration! used in most of the experiments had the fol- 
lowing percentage composition: dextrin 59, casein 18, Salts IV 
(8) 5, soy bean oil 5, brewers’ yeast 10, liver extract (Wilson 
Fraction D) 3, and choline 0.05. A concentrate of vitamins A and 
D was fed separately by dropper. The chicks were fed this ration 
or the ration plus various supplements ad libitum under the con- 
ditions used in previous studies (2). Experiments were continued 
4 weeks, at which time the birds were killed by decapitation and 
samples of muscle taken from the thigh for analysis. Creatine 
(total creatinine) was determined by the method of Rose, Helmer, 
and Chanutin (9). Although this method is not entirely specific 
for creatine, Baker and Miller (10) have shown that the error is 
probably less than 10 per cent in analyses of skeletal muscle. 

The creatine values are given in Table I. The results obtained 
with white Leghorn chicks will be considered first. Chicks re- 
ceiving only the basal ration gave low muscle creatine values. 
1 per cent of glycine raised the value very little. The arginine 
supplement alone raised the amount considerably but a value sim- 
ilar to that obtained with chicks on the cartilage supplement was 
not reached until 2 per cent of glycine was also added. We have 
also found that doubling the level of either arginine or glycine 
when supplied alone has no more effect than the levels shown 
here. Chondroitin as a supplement appears to depress the value 
somewhat. From studies obtained upon a more synthetic ration 
it would seem that chondroitin increases the glycine requirement, 
since the following values were obtained: no supplement, 2.77 mg. 


1 The yeast used in these experiments was kindly supplied by Dr. Harold 
F. Levine of the Pabst Brewing Company, Milwaukee; the haliver oil by 
Dr. C. Nielson of the Abbott Laboratories, North Chicago; the liver extract 
and chondroitin by Dr. David Klein of The Wilson Laboratories, Chicago; 
and the soy bean oil by Dr. F. F. Hasbrouck of Allied Mills, Peoria, Illinois. 
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of creatine per gm. of fresh muscle; 1 per cent glycine plus 0.5 
per cent arginine, 4.29 mg. per gm.; 1 per cent glycine plus 0.5 
per cent arginine plus 5 per cent chondroitin, 3.55 mg. per gm. ; 
and 3 per cent glycine plus 0.5 per cent arginine plus 5 per cent 
chondroitin, 4.18 mg. per gm. These values represent in each 
case an average of the results obtained with six chicks. Feeding 
creatine gives very high muscle values and also gives some growth 
response. It is to be expected that creatine would replace that 














TaBLe I 
Influence of Glycine, Arginine, and Other Supplements on Growth and Muscle 
Creatine 
White Leghorn chicks | Plymouth Rock chicks 
: Aver- | Total Aver- | Total 
Supplement to basal ration te. ol wh, ‘ creati- Me. of wit’, ; creati- 
chicks | "at | fresh | Chicks | "at | fresh 
4 wks. | muscle 4 wks. | muscle 
gm. ge gm. ay gl 
MPC cee ere 88 | 3.03 Il 159 | 3.02 
1% glycine......... bnacna vicinal 12 104 | 3.21 6 144 | 3.02 
ID, oo ss vs acunes cease’ 13 | 145 | 3.74 6 | 171 | 3.85 
1% glycine + 0.5% arginine... 6 158 | 3.72 6 170 | 3.99 
2% $j“ +0.5% gunn 6 183 | 4.15 
1% ‘sé + 0.5% “ + 
10% chondroitin........... 6 165 | 4.05 
2% glycine + 0.5% arginine + 
10% chondroitin 6 191 | 3.80 
15% cartilage 18 202 | 4.29) 11 207 | 4.67 
1% creatine..... . ers at 119 | 4.60 




















portion of the arginine and glycine required for creatine formation 
and thus allow the arginine and glycine present in the ration to 
be utilized for other purposes such as growth. 

The paralysis which occurs upon this ration (11) is character- 
ized by a high stepping, stilted gait with the hocks thrust forward 
and toes extended. The muscles are poorly developed. Typical 
lesions occurring on the spinal cord will be described in a separate 
paper by Dr. P. H. Phillips and coworkers. In Table II the re- 
cent results obtained upon similar rations have been combined, 
since in all cases arginine and glycine were the main deficiencies 
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and the results are consistent. 65 per cent of the chicks upon 
the basal rations showed characteristic symptoms. Arginine sup- 
plements had some preventive action but glycine had none. When 
they were fed together, the paralysis was completely prevented. 
Chondroitin appears to have some antagonistic action. This may 
be related to the effect discussed in the previous paragraph, an 
apparent increase in the glycine or arginine requirement. Argi- 
nine appears to be the more important factor, although glycine 
has some action when arginine is fed at a 0.5 per cent level. 


TaBie II 
Effect of Various Supplements on Paralysis in Leghorn Chicks 




















| 
| 


Supplement to basal ration ew yom 
per cent 

SRT EM Dds bo 650 bdebbas LOUNOR Gs vosccb scececcvecsia 30 17 56 
coy s. Jebesbs cokes aretubeuecet avteced 13 3 23 
ici cire du bea dae RNG ies kwh dab) 580s bnidd 12 7 58 
ET ee ee ee ee ee 6 5 M 
10% ¢ + 1% glycine............:. ye 4 33 
10% a (yl, See . 6 4 | 65 
10% - + 0.5% arginine....................} Hl 4 36 
10% “41% Pee! Yo 0! 0 
1% glycine + 0.5% arginine........................ 17 0 0 
2% “ +1% Se ae eee 0 0 
2% “  +1% - + 10% chondroitin...... 6 0 0 
1% “ +05% “ + 10% “ SEER i 2 33 
IIIS 5. LG. on wtls ba 5c UR s oo AEs | 12 2 17 
Sp GUMMINGD. 25. 6. oie sees eyccccedvccseccsececcccee! GB | .@) dam 





The arginine and glycine content of feathers is given by Block 
(12) as 6.0 and 9.5 per cent respectively. Undoubtedly the pro- 
duction of feathers presents a marked demand for these amino 
acids and as shown in Figs 1 to 4 normal feathers are not produced 
when arginine and glycine are present in inadequate amounts. 
On the basal ration the shaft grows to nearly normal length but is 
brittle and easily broken. The barbs are less well developed and 
the feathers have a thin, ragged appearance. Considerable im- 
provement is noted when either arginine or glycine is supplied, 
but both are required for the production of normal feathers. All 
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of the chicks were raised under the same conditions, so that the 
quality of the feathers is indicated by their appearance. 

Since large amounts of arginine and glycine are used in feather- 
ing, the heavier breeds which feather slowly should require less 
than rapidly feathering breeds. Comparative growth curves for 
Leghorn and Plymouth Rock chicks on the basal ration, glycine 





Fics. 1 ro 4. Effect of glycine and arginine on feathering of chicks at 
4 weeks of age. 

Fic. 1, Basal ration. 

Fic. 2. Basal ration plus | per cent glycine. 
Fic. 3. Basal ration plus 0.5 per cent arginine. 
Fic. 4. Basal ration plus 0.5 per cent arginine plus 1 per cent glycine. 


and arginine supplements, and cartilage supplements are shown in 
Chart 1. As expected, the slowly feathering Plymouth Rocks grew 
much more rapidly upon the basal ration than did Leghorns. On 
the arginine and glycine supplement the heavy breed showed only 
a slight response, whereas the growth of the Leghorns was increased 
to that of the Plymouth Rocks. The growth curves on cartilage 
were still higher and approximately parallel for the two breeds. 
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The weights and results of creatine analyses for these chicks 
are also shown in Table I. The creatine content of the muscles 
is similar to that found for the Leghorn chicks. Apparently ar- 
ginine and glycine are utilized for growth rather than for the for- 
mation of creatine above a level of approximately 3 mg. per gm. 
Chondroitin showed no depressing action on muscle creatine and 





Cuart 1. Comparative growth curves for barred Plymouth Rocks and 


white Leghorn chicks. 


no paralysis was observed. This may be related to the smaller 
glycine and arginine requirement of Plymouth Rock chicks. 
DISCUSSION 

Arginine and glycine have at least three functions to perform 
in the chick; namely, the formation of body tissue, creatine, and 
feathers. The comparative experiments upon the slowly and 
rapidly feathering breeds indicate that feather production is the 
principal factor which raises the requirement above the amount 
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supplied by 18 per cent of casein and 10 per cent of yeast. Con- 
sidering the low level of glycine supplied by casein, it seems most 
probable that chicks do have the ability to synthesize glycine but 
that it is not sufficient for both feathering and rapid growth. The 
work of Klose, Stokstad, and Almquist (13) has shown*“that ar- 
ginine formation is certainly very limited in the chick, although 
it cannot be completely ruled out. i 

Rose (14) has defined an indispensable dietary component as 
“one which cannot be synthesized by the animal organism out of 
the materials ordinarily available at a speed commensurate with 
the demands for normal growth.” Thus arginine is classified as 
an essential amino acid. Almquist and Mecchi (15) have shown 
that acetates can replace glycine for chick growth. Whether this 
eliminates glycine as an essential amino acid in chick nutrition 
is a matter of definition. At least it is apparent that the amino 
acid requirement may vary in different species and under different 
demands which the body must meet. Further work with rats 
when optimum growth is obtained may show the need for additional 
amino acids. 

As far as we are aware it has not been previously reported that 
arginine or glycine deficiency causes a lower muscle creatine. 
Meyer and Rose (16) found the total body creatine of rats was 
greater than the amount that could be formed from arginine in the 
ration. Almquist and Mecchi (15) reported only slight increases 
in muscle creatine when glycine was added to glycine-low rations. 
The values found were comparable to those noted in these studies 
when only glycine was fed. Probably their ration contained sub- 
optimal amounts of arginine for maximum creatine formation. 

In the original paper by Arnold et al. (17) demonstrating the 
high arginine requirement of the chick the possibility that casein 
arginine may be unavailable was discussed. In view of the fact 
that 30 per cent casein supplies sufficient arginine for growth (13) 
it seems more likely that the amount in 18 per cent casein is in- 
adequate to meet the requirement. Since the rations used by us 
and by Almquist et al. (1) contain some arginine and glycine, the 
results must be interpreted with caution. Almquist et al. found 
creatine to replace glycine and we have shown that it has some 
ability to promote growth, prevent paralysis, and improve feath- 
ers when both glycine and arginine are suboptimal. We interpret 
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this as a sparing action which frees the amount of amino acids 
ordinarily required in creatine formation for other body functions. 
Arginine is undoubtedly required and glycine may be required 
even when creatine is fed. 

The preventive action of arginine and glycine on the develop- 
ment of muscle dystrophy or paralysis is interesting in relation 
to the use of glycine in the treatment of myasthenia gravis in 
man (18-22). However, the muscles of deficient chicks, although 
underdeveloped, are histologically normal. Lesions are found in 
the spinal cord. Thus it cannot be stated that this muscle dys- 
trophy has any direct relation to muscle creatine and may be an 
independent manifestation of the malformation of nervous tissue 
in arginine and glycine deficiency. The fact that creatine itself 
is only partially effective also indicates that this is true. 

Various investigators (11, 23-27) have noted paralytic symp- 
toms in chicks reared on simplified diets. Arginine or glycine de- 
ficiency may have been concerned in some cases. The original 
ration used by Keenan and associates (25) for the production of 
vitamin B, deficiency was low in both amino acids. Later Bird 
and Oleson (26) applied the term vitamin B, deficiency to a sim- 
ilar paralysis. The ration they used also appears to have been 
suboptimal in glycine and arginine. Since creatine, acetates (15), 
and probably other materials have some ability to replace either 
one or both of these amino acids, an interpretation of previous 
results is difficult. Further investigation will be required to de- 
termine the relation of glycine and arginine to these conditions, 
although the symptoms noted in early studies on vitamin B, ap- 
pear identical with those occurring on diets low in arginine or 
glycine. 


SUMMARY 


1. The muscles of chicks which had been reared upon simplified 
diets containing 18 per cent of casein and 10 per cent of yeast 
as protein sources contained approximately 3 mg. per gm. of 
creatine (total creatinine). Feeding glycine and arginine supple- 
ments raised the level to approximately 4.2 mg. per gm. Neither 
supplement was as effective when fed alone. 

2. A rapidly feathering breed (Leghorns) showed a marked 
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growth response to arginine and glycine supplements, whereas a 
slowly feathering breed (Plymouth Rocks) showed no appreciable 
response. It is concluded that feather formation is a primary fac- 
tor in the high arginine and glycine requirement of chicks. 


3. The formation of normal feathers in white Leghorn chicks 


reared on the basal ration required the addition of arginine and 
glycine supplements. 


4. Arginine and glycine also prevent a typical paralysis which 


develops in chicks fed this ration. 
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THE QUANTITATIVE ESTIMATION OF NICOTINIC ACID 
IN ANIMAL TISSUES 
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During the last few years the Kénig reaction (1) between pyri- 
dine derivatives, cyanogen bromide, and aromatic amines has been 
made the basis of a number of procedures for the quantitative 
estimation of nicotinic acid in tissues. After extensive experience 
with several of these methods we have concluded that none is 
without severe defect and have attempted to formulate a more 
satisfactory procedure. Perlzweig, Levy, and Sarett (2) developed 
a method of urine analysis which involved decolorizing hydrolyzed 
urine and removing most of the salts by treatment with Lloyd’s 
reagent and lead hydroxide. We have applied this treatment to 
tissue digests and have found that it yields colorless solutions to 
which K6nig’s reaction can be applied for estimation of the 
nicotinic acid. The results obtained on tissues appear to be higher 
and less variable than those given by other methods in our hands. 
As with all quantitative estimations of this type the analytical 
procedure falls into three groups of manipulations, which will be 
discussed separately after description of the method. 


Method 


Extraction of Tissue—-A sample of tissue estimated to contain 
30 to 40 y of nicotinic acid is weighed on a torsion balance and 
ground with 1 ml. of water and a pinch of washed sand, and the 
suspension transferred to a 22 X 175 mm. Pyrex test-tube 
graduated at 25 ml. with sufficient wash water to bring the total 
volume to about 15 ml. 5 ml. of concentrated HCl are added and 
the tube is kept in a bath of boiling water for 1 hour with occa- 
sional stirring of the contents. The tube is then cooled and the 
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contents made up to 25 ml. with water; the contents are mixed 
by inverting and the solids allowed to settle. 

Decolorization of Extract—10 ml. of the extract are pipetted 
into a small beaker and 1.2 ml. of 15 N NaOH added. The pH 
is brought between 0.5 and 1.0, with the glass electrode, and the 
electrodes washed with a minimum of water. The solution is 
transferred to a 16 X 150 mm. Pyrex test-tube graduated at 16.2 
ml. and containing 2 gm. of Lloyd’s reagent, the total volume being 
kept at 15 to 20 ml. The tube is shaken for a minute and then 
centrifuged for a minute. The supernatant is discarded and the 
Lloyd’s reagent washed with about 10 ml. of 0.2 N H,SO, and the 
washings discarded after the mixture is centrifuged again. 9.5 ml. 
of 0.5 n NaOH are pipetted into the tube, the Lloyd’s reagent 
stirred up, and the tube contents made up to the mark with water. 
(The volume of solution is then exactly 15 ml.) After being 
shaken for a minute, the tube is centrifuged, and the colored 
supernatant is poured into an ungraduated tube of the same size 
containing 0.6 gm. of finely powdered Pb(NO;)2. The tube is 
inverted several times, 2 drops of ether added to break the foam, 
and centrifuged. The now colorless extract is decanted into a 
final ungraduated tube of the same size and the lead remaining in 
solution removed as follows: 1 drop of phenolphthalein is added 
and followed by small pinches of solid K;PO, until the indicator 
color is permanent. The pH is brought to approximately 4.5 
by the cautious use of 20 per cent H3PO, and solid K3PO,, with 
Alkacid paper! as an external indicator. The tube is centrifuged 
and the clear colorless fluid used for the color development. 

Color Development—This is essentially the method of Bandier 
and Hald (3). It is to be modified to suit different volume rela- 
tionships and photocolorimeters. With the Evelyn colorimeter, 
for each estimation 5 ml. of decolorized extract are pipetted into 
a 22 X 175 mm. Pyrex tube with 1 ml. of 10 per cent KH,PO, 
and 3 ml. of water. The tube is brought to 75° or 80° in a water 
bath and 1 ml. of CNBr solution added. After 5 minutes at the 
same temperature the tube is cooled to room temperature and 10 
ml. of 5 per cent metol pipetted in. The reaction mixture is 
transferred to a colorimeter tube and kept in the dark for 1 hour. 


1 Obtained from the Fisher Scientific Company, Pittsburgh. 
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A blank tube is prepared at the same time, containing 5 ml. of 
extract and 1 ml. of 10 per cent KH2PO, diluted to 20 ml., but not 
heated. A reagent blank tube containing 1 ml. of 10 per cent 
KH.PO, and 8 ml. of water is also treated with 1 ml. of CNBr 
solution at 75°, cooled, and 10 ml. of metol added. At the end of 
the hour the transmittance of the solution is read in the color- 
imeter with Filter 400, the blank tubes compared with distilled 
water, and the color tubes compared with the reagent blank tube. 
From the L value of the color tube the L value of the corresponding 
blank is subtracted, giving the L value due to nicotinic acid present. 

Notes—For most species we have examined, the tissue sample 
for liver should be approximately 250 mg., for kidney cortex 300 
mg., for skeletal muscle 500 mg., and for heart muscle 250 mg. 

The tissue is best ground in a mortar about 5 cm. in internal 
diameter. 

The 16 X 150 mm. Pyrex tubes can be safely and conveniently 
centrifuged in the 50 ml. cups of the size 1 and size 2 International 
centrifuge, reducing caps being used. 

In adjustment of the extract to pH 4.5 after lead precipitation 
the volume of 20 per cent H;PO,4 must be minimal, as the volume 
relationships are here being disturbed. With practice it can be 
done with 1 or at most 2 drops, which causes only an unimportant 
error. 

A 3 per cent solution of crystalline CNBr may be used, or a 
solution prepared by decolorizing saturated bromine water with 10 
per cent NaCN (this is approximately 2.5 per cent CNBr). Either 
solution is stable for weeks in the ice box. 

With the volume relationships given, two-fifteenths of the 
original sample will be represented by the extract in the color 
tube. If 75 y of pure nicotinic acid are put through the complete 
procedure, the L value of the color tube is 0.225, owing to 10 y 
present. This is taken as a standard from which our results are 
calculated. Changes in volume relationships, etc., will modify 
this figure. 


Comments on Methods 


Tissue Extraction and Hydrolysis—It is essential to grind the 
tissue in water before hydrolysis and to use acid hydrolysis. When 
minced tissue is hydrolyzed, less nicotinic acid is found than when 
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the tissue is ground first. If the tissue is homogenized in water 
before hydrolysis, the result is the same as when it is ground. 
These points are illustrated in Table I. 

Decolorization of Extract—We hold it essential to remove all or 
virtually all of the color from the extract. Some workers omit 
this step or are satisfied with a partial decolorization. Perlaweig 
et al. were the first workers to realize the importance of preparing 
a practically colorless solution for application of the K6nig reaction. 
Their procedure is designed to separate the nicotinic acid from the 
salts of the hydrolysate and then to remove the pigments from the 
solution; when applied to tissue extracts it leaves a solution almost 
always colorless to the eye. If any pigment remains in the extract 


TaBLeE I 

Loss of Nicotinic Acid by Failure to Grind Tissue before Extraction and 
Hydrolysis, or by Using Alkaline instead of Acid Hydrolysis 

Each figure is the mean of duplicate determinations, expressed as micro- 

grams of nicotinic acid per gm. of fresh tissue. 

















Rat liver No. | Hydrolysis Minced Ground | Homogenized 
1 Alkaline 93 101 
Acid 124 139 
2 ™ 134 137 
3 | a | | 150 151 





when the color reaction is carried out, it will develop increased 
absorption on addition of the reagents. The methods of handling 
the blank developed by Harris and Raymond (4) and by Melnick 
and Field (5) compensate for the initial absorption due to the 
pigment itself, but there is no way of compensating for new absorp- 
tion produced by the interaction of the reagents with the pigment. 
Such new absorption will be reckoned as due to nicotinic acid and will 
give a result which is too high. On account of the importance of 
this point, which is often neglected, examples showing the effect 
of pigments in the extract will be cited here. 

Example A—A specimen of highly pigmented morning urine 
was submitted to the procedure of Harris and Raymond in which 
no decolorization of the hydrolysate is used. Three different 
dilutions, in addition to the undiluted sample, were treated 
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in the same way, and the results are collected in Table II. It 
should be noted that this result was obtained by using either 
' p-aminoacetophenone or metol for the color development, pro- 
vided that the appropriate filter was used in the photocolorimeter 
(see below). A small amount of nicotinic acid (4 y per ml.) 
added to Urine A could be equally accurately recovered in any of 
the dilutions, showing that satisfactory recovery experiments are 
no guarantee of the accuracy of the method of analysis, although 
unsatisfactory recoveries are a proof of inaccuracy. 

Example B--During the course of other experiments two extracts 
of rat liver samples were chosen which had visibly different degrees 
of pigmentation, and a third extract was deliberately made darker 


TABLE II 


Effect of Pigment in Solution Used for Colorimetric Reaction upon Apparent 
Nicotinic Acid Content; Analysis of Urine by Method of Harris and 














Raymond 
—s : Nicotinic acid 
Nicotinic acid 
: calculated for 
Urine dilution used yoy Urine A by 
analysed allowance for 
dilution 
¥ per ml. ¥ per ml. 
25 ec. Urine A 7.35 7.35 
» = “  "" +. 5 ee. water 4.12 5.15 
| ie i le s 2.37 3.95 
10 sé “cé ce oe 15 “ce “ce 0.96 2.40 








by addition of a pinch of vegetable matter before being heated 
with hydrochloric acid. From each extract one aliquot was 
treated as described above, and the nicotinic acid measured in the 
colorless solution obtained. A second aliquot was used without 
decolorization for the determination of nicotinic acid, with the 
three tube “extrapolation” method employed by Harris and 
Raymond and by Melnick and Field. Each time a higher appar- 
ent nicotinic acid content was found with the undecolorized 
solution, and the deeper the color, the greater the increase, as is 
shown in Table III. 

Example C—Acid digestion of many vegetable materials yields 
intensely dark extracts, which in turn give quite strongly pig- 
mented solutions after charcoal treatment. Waisman and 
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Elvehjem (6), using the method of Melnick and Field, report that 
“it is apparent that certain plant materials give values for nicotinic 
acid which are not reconcilable with the known fact that cereals 
are low in the antiblacktongue or antipellagra factor. For ex- 
ample, the corn which the authors used for analysis was used in the 
routine production of blacktongue in dogs, yet the high nicotinic 
acid value obtained by analysis of this corn was an indication that 
certain unknown substances do give the color reaction and yet 
have no antipellagra activity.”” We would suggest that the “un- 
known substances” are largely the pigments present in the extract 


TaBLe III 
Effect of Pigments in Rat Liver Extracts on Apparent Nicotinic Acid Content 
of the Tissue 
Extract 3 was prepared from the same liver as Extract 2, but it was 
purposely rendered darker by addition of a little vegetable matter to 
the sample before acid extraction. 




















Liver ex- Liver ex- | Liver ex- 
tract | tract 2 tract 3 
Depth of color of extract, measured by L 
value of blank tube; colored solutions for 
final reaction 0.072 0.089/ 0.202 
Nicotinic acid found, colored solutions, 4 
per gm.... SR ee Fey rr, Ce 189 183 214 
Nicotinic acid found, decolorized solutions, 
y per gm.... 171 155 164 
Apparent increase, colored solutions, % 11 18 30 


only partly decolorized by charcoal. Whether for this reason 
alone, or in addition because metol is more specific for nicotinic 
acid, the treatment of corn-meal by our method gives figures 
which are in line with its known low antipellagra value. Instead 
of 107 y of nicotinic acid per gm. of yellow corn-meal, as reported 
by Waisman and Elvehjem, we find 6 to 10 y per gm. in different 
specimens. 

Use of Charcoal in Decolorization—Melnick and Field have 
reported the application of a particular brand of charcoal to the 
decolorization of the acid extracts. In our experience, the char- 
coal removes only part of the color, and in addition it removes 
nicotinic acid from the acid alcohol solution in which it is used. 
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With two samples of the recommended brand of charcoal we have 
found that nicotinic acid is removed from pure solution in acid 
alcohol, and that tissue digests give lower figures for nicotinic 
acid content after each additional charcoal treatment. This 
result may be due partly to removal of pigment and partly to 
removal of nicotinic acid from the extracts with each charcoal 
treatment. It is evident that the brand of charcoal is not suffi- 
ciently uniform from one sample to another to allow of its use in 
the analysis, even if it were efficient enough in removing the 
pigment. 

Color Development—We have chosen to use metol for carrying 
out the Kénig reaction on the decolorized tissue extracts. It has 
the great advantages, compared with aniline, p-toluidine, or 
p-aminoacetophenone, that it is more specific, the color intensity 
is less affected by salts in solution, and the color is stable for several 
hours after it has reached maximum intensity, instead of beginning 
to fade at once. The intensity of the color produced (i.e. the 
extinction coefficient at the wave-length of maximum absorption) 
is approximately the same as that given by aniline in Melnick and 
Field’s method and by p-aminoacetophenone in Kodicek’s method 
(7). The absorption spectra of the colored compounds obtained 
with each of these three amines are collected in Fig. 1. In measur- 
ing the intensity of color produced with metol, we use the Evelyn 
photoelectric colorimeter with Filter 400. The transmission 
spectrum of this filter is also shown in Fig. 1 to demonstrate its 
close match with the absorption of the color measured.? 

It should be noted that all methods involving the use of a single 
blank tube, such as Bandier’s and the method here described, are 
subject to smaller random errors than “extrapolation” methods 
using a blank tube and a third tube containing added nicotinic 
acid. When three tubes are used, the result depends on the ratio 
of two differences. When two tubes are employed, it depends on 
the difference between those two tubes. In our procedure the 


* The employment of filters not closely matched to the absorption spec- 
trum of the compound being estimated is a source of error in colorimetric 
work, whether visual or photoelectric. This was no doubt the fault under- 
lying the statement of Harris and Raymond (4) that for p-aminoacetophe- 
none, ‘‘The intensity of the color is unusually high, e.g. about five times 
that given by metol or aniline.”’ 
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L value of the blank tube is nearly always less than 0.0088, while 
the L value due to 5 y of nicotinic acid is 0.1125, so that in effect 
instrumental errors are unimportant in the blank tube: 10 per cent 
error in the blank reading will cause less than 1 per cent error in 
the final result. 


350 450 550 350 450 550 


PERCENT TRANSMITTANCE 





450 550 450 550 
MILLIMICRONS 


Fig. 1. The absorption spectra of the colored compounds produced by 
10 y of nicotinic acid in the Kénig reaction with different amines; the exact 
method of color development described by the authors referred to below 
wasused. Foreach solution the measurements were made against a reagent 
blank and the length of the light path was 13 mm. Curve 1, with metol, 
Bandier and Hald method (3); reaction mixture, 20 ml. Curve 2, Filter 400 
used in measuring the metol color. It is well matched to the absorption 
spectrum. Curve 3, with aniline, Melnick and Field method (5); reaction 
mixture, 10 ml. Curve 4, with p-aminoacetophenone, Kodicek method 
(7); reaction mixture, 15 ml. The measurements were made on a Coleman 
DM spectrophotometer with a slit width of 15 my. 


During color development a further advantage of working with 
colorless blanks is realized. If any “‘off color’ is formed in the 
color tubes, it is at once detected by the eye. Should any deviation 
from the clear lemon-yellow produced by pure nicotinic acid 
appear in one of the color tubes, suspicion is aroused and the 
contents are transferred to the cell of a Coleman spectrophotometer 
and the absorption curve plotted over the range 350 to 550 mu. 
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If the curve deviates markedly from that given by pure nicotinic 
acid, the reading on the tube is rejected and the analysis repeated. 

Precision—The precision of the method has been studied by 
carrying out duplicate estimations and analyzing the results 
statistically. The error embodied in the final result has two 
components which have not been separated: first the error of 
sampling the tissue and second the error of manipulation, including 
errors of transfer, of volume measurement, variation in behavior 
toward reagents, and errors of the colorimetric measurement. 
The first component varies from tissue to tissue, and therefore 
the precision of the method can only be stated for one tissue at 
a time. 

Thus for duplicate kidney cortex estimations on twenty dogs, 
the results expressed in micrograms of nicotinic acid per gm. of 
fresh tissue are as follows: 


Degreesof Mean 
freedom square + Mean square 


Total sum of squares ... 8621 39 

Sum of squares between dogs.. 3402.5 19 179.07 13 .382 
sc ce ce ce du- 
eee ea ll 10.925 3.305 


Then +3.3 y is the standard error of a single estimation on dog 
kidney cortex—-the error which will be exceeded one time in three. 
The mean value for the kidneys was 96 y per gm., so that the stand- 
ard error is +3.4 per cent of the mean level in the kidney cortex. 
For liver and muscle the standard errors calculated from ten 
normal dogs were +3.7 y (mean 153 y) and +4.4 y (mean 71 7). 
These figures suggest that the error of the estimation is independent 
of the absolute level of nicotinic acid in the tissue, and that 
muscle cannot be as accurately sampled as liver or kidney tissue. 
In view of the complexity of the analytical procedure, this degree 
of precision appears to be highly satisfactory. 

Recovery Experiments—It has been recommended that tissue 
samples containing 30 to 40 y of nicotinic acid be taken for analysis. 
With the aliquots used, this means that 2 gm. of Lloyd’s reagent 
are called upon to adsorb and then give up 12 to 16 y of nicotinic 
acid. We have found that in pure solution as much as 200 y 
can be taken through the adsorption, elution, and lead treatment 
without measurable loss. The recovery of nicotinic acid added 





A TREES RP ES TE 

















TR a a ter 








210 Determination of Nicotinic Acid 


to tissue samples before grinding in the mortars may be illustrated 
by the experiment shown in Table IV. 


Resulis on Some Animal Tissues 


Rats—The rats used were from a breeding colony of the Vander- 
bilt strain (8). The colony diet consisted of a commercial dog 


TaBLe IV 
Recovery Experiment with Liver Tissue 
Analysis of triplicate samples showed that the liver contained 180 y of 
nicotinic acid per gm. 





- = 











Contents of mortar Nicotinic | Calculated | Recovered | 
———Tieotinte ana | (erttound | “in'iamueta | *dded nize | Recovery 
Liver added mortar 
al, See oe ee, ‘inn 

mg. Y 7 | v 7 | Per cent 
250 15 60.36 | 45.00 | 15.36 | 102 
251 | 15 61.13 | 45.15 15.98 | 107 
249 15 59.16 | 44.80 | 14.36 | 96 
240 | 30 72.23 | 43.18 | 29.05 | 97 

ee 30 74.66 45.33 | 29.33 | 98 
256 6| «630 | 75.98 46.05 | 29.88 | 99 

TABLE V 


Nicotinic Acid Content of Tissues of Albino Rat (Vanderbilt Strain), 
Expressed in Micrograms per Gm. of Fresh Tissue 

















Analyses of eight weanlings Analyses of twelve adults 

(24 days old) (9 mos. to 1 yr. old) 
Tissue sti a * 

M 1 M d 

stendend Guat Range mined on or Range 
EAs fic nalesaeeeen 159 + 3.3 | 148-176 175 + 3.7 | 151-191 
Kidney cortex........) 115+ 3.0 | 98-122 | 13243.6 | 112-151 
Leg muscle...........| 77 + 3.0 | 63- 87 86 + 0.9 81- 92 


chow supplemented with milk, lettuce, liver, and whole wheat. 
Table V gives the data obtained on rats at two ages. There is a 
significantly greater quantity of nicotinic acid in each of the 
tissues of the adult rats. With a smaller group of adult rats of 
another strain mean values of 178, 124, and 91 y per gm. were 
found for liver, kidney, and leg muscle respectively—not signifi- 
cantly different from those found for the Vanderbilt strain. 

















W. J. Dann and P. Handler 211 

Chickens—The nicotinic acid content of three tissues was 
determined on Rhode Island Red chicks at ages up to 2 months. 
The chicks killed at 3 days had had access to water but no food. 
The remainder were given a commercial growing mash. At 59 
days of age the eight birds killed weighed from 1.75 to 2.5 pounds. 
The results collected in Table VI show a rapid increase in the 
nicotinic acid of the breast muscle, generally completed by the 
age of | month. The liver nicotinic acid first fell and then rose, 


TABLE VI 


Nicotinic Acid Content of Chick Tissues at Ages up to 59 Days, Expressed in 
Micrograms per Gm. of Fresh Tissue 






































Liver | Leg muscle Breast muscle 
Group|No. of ani” ae eae 
No. chicks| Mean and Mean and Mean and 
| standard Range standard | Range standard Range 
error error error 
| aaya | | 
1 | 6 | 3/|14545.9| 138-165 |74 + 2.2] 69-81 724+ 2.7] 69- 83 
2/18 | 8! 127+6.2 117-144 |66 + 1.4| 62-71) 85 + 10.9) 37-110 
3 8 15 | 15826.5 128-192 |68 + 1.4} 64-75) 125 + 13.6) 57-168 
4 8 29 | 1714 5.4 | 153-192 73 + 2.3) 66-85 150 + 11.4) 87-173 
5 8 59 | 162 + 4.3 141-178 |67 + 1.7) 61-73)}155 + 8.2)110-181 
TaBLe VII 


Nicotinic Acid Content of Tissues of Ten Normal Dogs, Expressed in 
Micrograms per Gm. of Fresh Weight 





| Mean and standard 








Tissue quer Range 
Sd cet ccsvcccuceseces@iMeeane 153 + 12 90-233 
ee GONOR. <j . .di 0d eRe 95+ 3.4 75-117 
IIs ink cen oss vesandceaneed 7i+ 1.9 59- 80 





also reaching its maximum in 1 month, but the leg muscle showed 
no marked change throughout the 2 months. The breast of 
chicken is an unusually rich source of dietary nicotinic acid. 

Dogs—In Table VII are collected the data obtained on ten 
normal adult dogs of mixed breeds. They had been maintained 
for some time on a diet of horse-meat, bread, and cow-peas cooked 
together in water. The nicotinic acid content of the liver was 
found to be very variable. 
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DISCUSSION 


It must be emphasized that in carrying out a K6énig reaction on 
nicotinic acid the quality, quantity, and stability of the color 
produced, its dependence on salt concentrations and pH, and the 
specificity of the reaction all depend upon the particular amine 
which is used. Metol appears to be the most satisfactory amine 
to use. The evidence adduced also shows the necessity of remov- 
ing all pigment from the tissue extracts before the K6nig reaction 
is carried out. This is a reason against the use of charcoal, which 
gives only partial decolorization. 

The method described above is probably more specific and more 
precise than any other which has been applied to animal tissues, 
but it is still far from ideal. It is lengthy and time-consuming, 
so that one trained analyst cannot conveniently perform more 
than twelve to sixteen estimations in one day. But if short cuts 
such as avoidance of complete decolorization are used, systematic 
errors are caused; therefore the whole procedure must be carried 
through if accuracy is desired. A further criticism, which is of 
course common to all chemical methods, is that there is no guaran- 
tee that all the nicotinic acid of the tissue passes into the extract. 
However, we are able by this method to extract more nicotinic 
acid from tissues than by any of the other published methods 
which we have used. Further, we have been able to show in 
experiments with rat liver that the total amount of nicotinic acid 
which remains bound to the solids left after acid treatment is no 
more than | per cent of the amount in the extract. A third criticism 
of the method is that if larger tissue samples than those recom- 
mended above are taken without changing the volume relationships 
described, complete separation of the nicotinic acid does not occur. 
Thus in liver tissue the same result is obtained by using samples of 
125 mg. or 250 mg., but with larger samples the result (expressed in 
micrograms per gm. of tissue) falls progressively. The same is true 
of rat or dog kidney cortex, but not of rat leg muscle or chick leg or 
breast muscle, where samples of 500 mg. and possibly 1 gm. all 
give the same results as smaller samples. In our experience 
errors from this hindrance of separation will be negligible as long 
as the small samples recommended are employed. When such an 
error affects the result, it will cause a false low figure to be obtained, 
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and, as already stated, we find higher figures with this method 
than with others. 

A few applications to other materials than animal tissues have 
been made. These include casein, corn, wheat, dried leaves, and 
milk, all of which cause greater difficulties on account of the more 
intense pigmentation of the acid extract. With these substances 
the use of a charcoal-treated extract for color development by the 
“extrapolation” method gives results which are evidently far 
too high. The application of our method without modification 
gives slightly colored extracts causing the blank tube to give an L 
value of 0.02 to 0.045, and the nicotinic acid figures fall into the 
range expected from knowledge of the biological effect of these 
foodstuffs. 


SUMMARY 


A method is described for preparing from animal tissues color- 
less extracts containing the nicotinic acid. 

Evidence is produced to indicate that the presence of color in 
the extracts causes false values to be obtained when attempts are 
made to compensate for the color by an extrapolation method. 

Evidence is also given that the use of charcoal in decolorizing 
extracts is a source of errors. 

Figures are given for the nicotinic acid content of a number of 
tissues of three common laboratory species. 


Our thanks are due to the John and Mary R. Markle Foundation 
for the support of this study. 
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POLAROGRAPHIC DETERMINATION OF DEHYDROISOAN- 
DROSTERONE AND OTHER 3-HYDROXY-A*-STEROIDS 


By E. B. HERSHBERG,* JOHN K. WOLFE,t anp LOUIS F. FIESER 
(From the Converse Memorial Laboratory, Harvard University, Cambridge) 


(Received for publication, April 15, 1941) 


The androgen, or neutral 17-ketosteroid, fraction of urines of 
normal males and females contains, as the chief identified con- 
stituents, androsterone, 3a-hydroxyaetiocholanone-17, and dehy- 
droisoandrosterone. The most notable variation in androgen 
output associated with pathological conditions is the excessive 
excretion of dehydroisoandrosterone by women suffering from 
corticoadrenal tumors, as demonstrated in direct isolation experi- 
ments by Callow (1) and by Wolfe, Fieser, and Friedgood (2). 
From the amounts of materials isolated and identified (2), it 
appears that androsterone is present in the urine in approxi- 
mately normal amounts, that the quantity of 3a-hydroxyaetio- 
cholanone-17 is about 10 times the normal amount, and that 
the dehydroisoandrosterone excreted is about 100-fold the amount 
found in normal urine. The determination of dehydroisoandros- 
terone in female urine thus acquires definite clinical significance 
in providing an index of malignancy of the adrenal gland, and 
probably of other disorders associated with virilism. 

Dehydroisoandrosterone differs from the other principal con- 
stituents of the androgen fraction in two significant respects, each 
of which provides a basis for its determination. In contrast to 
androsterone and 3a-hydroxyaetiocholanone-17, the substance 
belongs to the 36-hydroxysteroid series and is unsaturated. The 
stereochemical difference is utilized in the colorimetric methods 
developed by Talbot, Butler, and MacLachlan (3) and by Bau- 
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mann and Metzger (4). The 36-steroids are precipitated with 
digitonin and determined either directly, by a Zimmermann assay 
of the precipitated material (4), or by similar assays carried out 
before and after precipitation (3). The digitonin method of dif- 
ferentiationis subject to the limitation that any other 38-hydroxy 
compounds present are precipitated along with the dehydroiso- 
androsterone. Thus the isoandrosterone encountered in patho- 
logical urines (5), and probably present in normal female urine 
(6), would be counted as dehydroisoandrosterone. 

The unsaturated character of dehydroisoandrosterone (I), which 
distinguishes this substance from all other known components of 
the androgen fraction, provides the basis for the present method 
of determination, which has already been outlined in a preliminary 
note (7). Use is made of the Oppenauer method of oxidation 
with aluminum ¢-butoxide and acetone (8), whereby dehydroiso- 
androsterone or other 3-hydroxy-A*-steroid is converted smoothly 
into the corresponding a,§-unsaturated keto compound, for 


O 
CH; 


O 
CH; || 
| 4 “~ 
CH; CH, | a 


» te Al[O(t-C,Hg)]s /™ “af . . 
s = (CH).CO” + (CH;),;CHOH 
SSS a\d@ 
HO 0 


I IT 


example A‘-androstenedione-3,17 (II). The double bond migrates 
to a position of conjugation in the course of the reaction which, 
according to observations of Oppenauer and others, proceeds 
practically quantitatively and without danger of overoxidation. 
Saturated secondary alcohols are also attacked, and hence oxida- 
tion by Oppenauer’s method of the total androgen fraction should 
afford a mixture of the unsaturated diketone (II) and the saturated 
compounds androstanedione-3,17 and aetiocholanedione-3, 17. 
The method of polarographic analysis of the Girard derivatives of 
ketones previously reported from this Laboratory (9) affords a 
means of determining the unsaturated compound in the presence 
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of the saturated substances. In a solution containing excess 
Girard’s reagent, the 17-keto group of a steroid gives rise to a 
characteristic cathodic wave at a half wave potential of —1.45 
volts, a carbonyl group at the 3 position in a fully saturated ring 
shows no polarographic response, and a 3-keto-A‘-unsaturated 
group evokes a discharge at a half wave potential of —1.25 volts. 
Androstenedione thus gives a polarogram consisting of two easily 
differentiated waves, and the one appearing at the less negative 
potential provides an index of the amount of this component of the 
mixture. An initial polarographic analysis of the androgen frac- 
tion permits determination of the total 17-ketosteroid content by 
measurement of the sole wave at —1.45 volts, and an analysis 
subsequent to the Oppenauer oxidation gives the dehydroisoandros- 
terone content, as indicated by the wave at —1.25 volts. Choles- 
terol is the only other known steroid present in the urine which 
could give a similar response, and this substance can be eliminated, 
prior to application of the Oppenauer reaction, by separation of 
the ketonic from the non-ketonic material with Girard’s reagent. 

Since the oxidation of a steroid aleohol with aluminum t-butoxide 
and acetone is an equilibrium reaction, completeness of the 
conversion is favored by the use of excess reagents, and possibly 
by a certain prolongation of the reaction time. For analytical 
purposes, however, too much forcing of the reaction is undesirable 
because of the formation of excessive amounts of acetone con- 
densation products (10), and probably also of products of the 
condensation of the steroid ketones. Both types of by-products 
would produce an interfering polarographic discharge, and al- 
though the acetone derivatives can be removed by prolonged 
vacuum evaporation, those derived from the steroids would persist 
in the mixture. After trial of various conditions, it was found 
advantageous to conduct the reaction in benzene solution with 
only a moderate excess of acetone and to heat the mixture for 
1} hours at 100° in a pressure vessel of simple construction. 
Sufficient aluminum /-butoxide must be employed to react with 
the water formed in the reaction and with any traces of moisture 
present, but too great an excess is avoided because this promotes 
the formation of material which detracts from the sharpness of 
definition of the polarographic wave. Under the conditions found 
most suitable for the polarographic determination, the amount of 
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a,8-unsaturated ketone found in the fully processed solution 
submitted to analysis corresponds to a yield of 82 to 85 per cent 
of the theory based on the dehydroisoandrosterone taken. The 
over-all losses are so low that the determination of an unknown 
sample by reference to the amount of a calibration standard re- 
coverable as the corresponding ketone under identical conditions 
of oxidation and processing should be subject to little error. 


Apparatus 
In addition to the electrical apparatus and cell assembly de- 
scribed in the previous paper (9), the following accessory pieces of 
equipment were found useful. 








Fie. 1. Pressure vessel with cap 


Pressure Vessel The Oppenauer oxidations were conducted in 
small, capped tubes of the construction shown in Fig. 1. The 
vessel is made from thick walled Pyrex combustion tubing, 21 to 
22 mm. in outside diameter, which is sealed to form a conical 
bottom and provided with a lip about 25 to 26 mm. in diameter 
which will hold an ordinary commercial bottle cap having an 
aluminum foil liner to prevent contamination from the cork. 
When the tube is to be closed, it is inserted in a hole bored in the 
end of a block of wood of suitable height and a cap is crimped in 
place with the use of a household capping device. No difficulty 
was encountered due to leakage of volatile solvents at 100° or to 
the pressure developed. 

Pipette for Solvents—The small quantities of benzene and of 
acetone-benzene required were delivered from hypodermic syringes 
of 2 ec. and 0.25 ec. capacity, respectively. The method of mount- 
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ing the syringe in a supply bottle is illustrated in Fig. 2 (2 ce. 
size). The syringe is supported by means of a rubber gasket in a 
glass tube fitted to the flat bottomed flask with a ground joint. 
The glass tube is sufficiently long to make the entire seale of the 
syringe visible and to prevent any contact of the solvent with the 
rubber gasket. 

Separatory Funnel—In the processing of the reaction mixture 
subsequent to the Oppenauer oxidation, the benzene solution 





RUBBER 





Fic. 2. Pipette for measuring solvents 


must be washed with dilute acid and with water, and this is 
attended with the formation of persistent emulsions which separate 
only slowly on standing. Centrifugation of the mixture effects a 
prompt settling of both layers, and the funnel device illustrated 
in Fig. 3 makes it possible to carry out the operations of washing, 
centrifuging, and separating the layers in a single vessel which 
also serves as a volumetric flask. The stop-cock is operated by 
rotating the outer sleeve to the proper position; a final grinding 
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with jewelers’ rouge and light mineral oil produces a surface 
which requires no lubricant other than water, and hence any 
contamination of the analytical sample is obviated. A tough 
rubber plate or a lead disk is used to cushion the funnel when it is 
inserted in the supporting metal tube of the centrifuge. Although 
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Fig. 3. Separatory funnel for centrifuging (dimensions in mm.) 


the funnel will stand centrifugation at a speed of 2500 R.p.M., a 
speed of 1000 to 1500 R.P.M. is recommended. 

Adapter for Evaporation of Benzene Solution—In the evaporation 
of the benzene solution of the reaction product prior to the addition 
of Girard’s reagent, the slightest contact with rubber may intro- 
duce impurities which interfere with the polarographic determina- 
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Any such contamination is obviated by conducting the 


tion. 
evaporation in a tube fitted with the all-glass adapter shown 


in Fig. 4. 

Reagents—The reagents required in addition to those previously 
described (9) are listed below. Particular care must be taken to 
free the solvents and reagents of impurities showing a polarographic 
discharge in the potential region concerned in the determination 


of a.8-unsaturated ketones. 











Fig. 4. Adapter for vacuum evaporation of solvent 


Acetic acid. Since commercial acetic acid after distillation 
from permanganate gave a slight discharge (in the presence of 
Girard’s reagent) at —1.1 volts, a supply of suitable material 
was prepared as follows: A quantity of c.P. reagent quality acetic 
anhydride was fractionated carefully through a 1 meter column 
packed with glass helices and the purified anhydride was hydro- 
lyzed by boiling it vigorously under a reflux in an all-glass appara- 
tus and adding the caleulated amount of water by drops. The 
resulting acetic acid was in turn fractionated with the same 
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column, and it then proved to be entirely suitable for use in the 


analysis. 

Benzene. Evaporation of a | cc. portion of benzene of analytical 
reagent quality was found to leave a residue sufficient to produce a 
turbidity on the addition of 0.02 ce. of acetie acid followed by 1 
ee. of water, and fractionation through the 1 meter column did not 
remove the impurity responsible for the turbidity. Adequate 
purification was accomplished by placing 2 liters of benzene in a 4 
liter separatory funnel, stirring it mechanically, and adding in 
succession six 150 cc. portions of c.p. sulfuric acid. After each 
addition the mixture was stirred for } hour before the spent acid 
was drawn off. When the last of the acid had been drained off, 
the benzene was stirred three times with 10 per cent potassium 
hydroxide and then with water. When dried over calcium chloride 
and fractionated, the material gave no opalescence in the above 
test. 

Acetone. Analytical reagent grade acetone was distilled twice 
from 0.1 per cent its weight of potassium permanganate, dried 
over anhydrous potassium carbonate, and distilled. 

Aluminum (-butoxide was prepared by the usual procedure (11). 

Hormone derivatives. Samples of A*t-androstenedione-3,17 and 
dehydroisoandrosterone were kindly supplied by Dr. Erwin 
Schwenk of the Schering Corporation. The 3a-hydroxyactio- 
cholanone-17 used was that isolated from urine (2). A sample of 
dehydroisoandrosterone when crystallized from aqueous methanol 
separated in a solvated form which melted at 139-140°. When 
dried in a vacuum at 50° for } hour, the sample became very 
hygroscopic, but after a 2 hour period of drying at 80° the crystals 
had changed to a non-hygroscopic white powder of the same 
melting point as before and giving correct analyses for the an- 


hydrous substance. 


Me thod of A nalysis 


Procedure —A volume of an alcoholic solution of the sample to be 
analyzed equivalent to 0.5 mg. of 17-ketosteroid is measured with a 
pipette into a pressure vessel (Fig. 1). In the case of an androgen 
fraction from a urine extract, the total 17-ketosteroid content is 
determined polarographically by the method previously outlined 
(9) prior to the analysis for dehydroisoandrosterone. The small 








—EE—EE 





Hershberg, Wolfe, and Fieser 223 


tube containing the measured alcoholic solution is closed with a 
cleaned rubber stopper making connection to a water pump and 
the solution is evaporated by first gradually applying suction until 
the tube is cold to the touch and then warming the tube gently. 
For the removal of the last traces of solvent, the vessel is heated 
for 10 to 15 minutes on the steam bath at a pressure of 10 to 15 
mm. ‘To the residue are then added 14 to 15 mg. of aluminum ¢- 
butoxide, 0.40 cc. of benzene, and 0.10 cc. of a mixture of equal 
volumes of benzene and acetone. A bottle cap is cleaned by wip- 
ing the aluminum liner with a cloth moistened with benzene and 
crimped in place on the pressure vessel, which is then supported 
in a small beaker and heated in an oven at 100° for 1} hours. 
After the tube has been allowed to cool, the cap is removed with a 
bottle opener and the contents transferred quantitatively with a 
pipette to the special separatory funnel (Fig. 3), the tube being 
rinsed by alternate washings with 1 n hydrochloric acid (total, 
1 ec.) and benzene (total, 1 cc.). The funnel is stoppered, shaken 
thoroughly, and centrifuged, after which the aqueous layer is 
drawn off and discarded. The process of washing is repeated 
once with 1 N acid and twice with distilled water. Finally the 
lower level of the benzene layer is adjusted to the mark and fresh 
benzene is added to bring the volume to3 ce. 1 cc. of the resulting 
solution is pipetted into a 12 X 75 mm. test-tube equipped with 
a 14/20 standard taper joint with which connection is made to the 
all-glass adapter (Fig. 4). The benzene is largely removed by 
heating the vessel on the steam bath while a stream of air is 
drawn through the adapter; finally the residue is fully evaporated 
at the vacuum of the water pump. 

The sample is prepared for polarographic analysis by adding to 
the residue 0.02 cc. of a fresh solution of 100 mg. of Girard’s 
Reagent T in 1 ec. of acetic acid, warming the mixture for 2 
minutes on the steam bath, cooling, and adding 0.48 cc. of water, 
0.50 ec. of 0.5 M ammonium chloride solution, and 1.00 cc. of 0.2 N 
sodium hydroxide. The flask is stoppered and the contents mixed 
thoroughly, and the solution (2 cc.) is then poured into the polaro- 
graph cell, together with an adequate amount of mercury, and 
polarographed between the limits —0.9 to —1.6 volts at the sensi- 
tivities designated, as in the previous work (9), A, B, and C. 
Selection is made of the most sharply defined wave in the region of 
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—1.2 to —1.3 volts, the wave span is measured in mm., and the 

amount of dehydroisoandrosterone is determined by reference to a. 

calibration curve applicable to the sensitivity in question. 
Standardization with Pure Hormones—The applicability of the 

method is illustrated by the three sets of polarograms shown in 

Fig. 5, which give the results of typical experiments with known 

amounts of pure hormones. In the first experiment (Curves 

1, 2, and 3), androsterone was put through the Oppenauer oxida- 

tion by the procedure outlined above and the resulting andro- 

stanedione was polarographed in the presence of excess Girard’s 
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Fig. 5. Polarograms of Girard derivatives. Curves 1, 2, 3, androsterone 
(0.1 mg.) after the Oppenauer oxidation, wave span due to the by-product 
at Sensitivity A = 2.0 mm., Sensitivity B = 3.7 mm., Sensitivity C = 7.7 
mm. Curves 4, 5, 6, dehydroisoandrosterone (0.1 mg.) after the Oppenauer 
oxidation, Sensitivity A X 4 = 38 mm., Sensitivity B X 2 = 39 mm., Sensi- 
tivity C = 37 mm. Curves 7, 8, 9, A‘-androstenedione-3,17 (0.1 mg.), 
Sensitivity A X 4 = 46 mm., Sensitivity B K 2 = 45 mm., Sensitivity 
C = 45mm. 





reagent. The principal discharge noted is at a half wave potential 

in the region — 1.45 volts, corresponding to the C,;-carbony! group, 

and the waves are of the same type as are observed with unoxidized 
androsterone (9). A minor initial discharge occurs in the region 
—1.2 to —1.3 volts attributable to unsaturated, non-volatile by- 
products formed in the oxidation. In the extreme case of the 
polarogram taken at the high sensitivity, C (Curve 3), the wave 
span of this discharge is 7.7 mm. In the next experiment an 
equivalent amount of dehydroisoandrosterone was processed 
similarly and gave the polarograms of Curves 4, 5, and 6. The 
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upper waves in the region of — 1.45 volts are substantially the same 
as before, but well defined waves also appear at a potential of 
about — 1.25 volts, corresponding to the a,8-unsaturated ketonic 
system generated in the oxidation. The lower waves are all easily 
readable and correspond closely in equivalent wave span (37 mm. 
at Sensitivity C). These curves for processed dehydroisoandro- 
sterone are to be compared with Curves 7, 8, and 9, obtained with 
an equivalent amount of pure, unprocessed A‘-androstenedione- 
3,17, in the form of the Girard derivative. The double waves at 
the two potentials again are evident, and the only significant dif- 
ference is in the greater extent of the wave span (45 mm. at 
Sensitivity C). This difference represents the accumulated losses 
entailed in the Oppenauer oxidation reaction itself and, probably 
to a slighter extent, in the several processing steps (about 18 per 
cent). Apparently equilibrium conditions are not quite reached 
in the time specified, for the yield can be raised by heating for a 
longer period; this, however, favors the formation of interfering 
condensation products. 

Careful examination of the polarograms obtained after Oppe- 
nauer oxidation of androsterone and 3a-hydroxyaetiocholanone-17 
revealed the occurrence of a very slight discharge in the region of 
—1.25 volts. Since the discharge was of about the same magni- 
tude with these two steroids, a similar extraneous discharge 
probably is superposed on the normal wave which constitutes 
the basis of the present scheme of analysis. No discharge occurred 
in a blank Oppenauer oxidation conducted without added hor- 
mone, and this shows that any polarographically active condensa- 
tion products of acetone (phorone, mesityl oxide) are removed 
completely in the evaporating operation included in the standard 
processing. It is probable, therefore, that the impurity responsible 
for the extraneous discharge is a product of the condensation of 
the steroid ketone with acetone, similar to the substances observed 
by Wayne and Adkins (10). In this case, any error in the analysis 
arising from the slight discharge noted should be eliminated by 
keeping the total amount of hormone the same in all calibration 
experiments and analyses. This is one reason for the adoption of 
the specified constant quantity of total 17-ketosteroid (0.5 mg.). 
Other advantages are that the proportion of hormone to Girard’s 
reagent is thereby fixed, that the proportion of dehydroisoandro- 
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sterone can be read directly from a calibration curve, and that a 
check on the mechanical losses can be obtained by estimating the 
total amount of 17-ketosteroids from the upper wave of the 
polarogram. 

The procedure previously described (9) for the determination of 
17-ketosteroids has been modified in certain details in order to 
conserve the sample and to provide a somewhat increased polaro- 
graphic response. The dry gum remaining on evaporation of the 
androgen extract in a test-tube is treated with 0.02 cc. of a solution 
of 100 mg. of Girard’s reagent in 1 ec. of glacial acetic acid. The 
solution is warmed for 2 minutes on the steam bath, cooled, and 
diluted with 0.48 ec. of water, 0.50 cc. of 0.5 M ammonium chloride 
solution, and 1.00 cc. of 0.2 N sodium hydroxide solution. After 
thorough mixing, the solution is poured into the cell and analyzed 
polarographically. In calibration experiments conducted by this 
procedure with urinary extracts containing added amounts of 
pure hormones, a linear relationship between polarographic re- 
sponse and amount of material was found for a ketosteroid content 
ranging from 0.005 to 0.15 mg. (total sample), as compared with 
the range of 0.05 to 1.0 mg. (one-quarter of the sample) in the 
previous work (9). 

The calibration curves reproduced in Fig. 6 were constructed 
from the results obtained on application of the standard Oppenauer 
oxidation procedure to mixtures of dehydroisoandrosterone and 
3a-hydroxyaetiocholanone-17 in varying proportions but with the 
total amount kept at 0.5 mg. These results were then extended 
and checked in several analyses with known amounts of pure 
hormones added to urinary extracts. 


Analysis of Androgen Fraction of Urine Extracts 


For the interpretation of a polarogram obtained after Oppenauer 
oxidation of a urinary extract, it is necessary either to determine 
the amount of a,§-unsaturated ketonic material in the sample 
prior to oxidation or to establish that such substances are absent. 
The method of polarographic analysis in the presence of Girard’s 
reagent has been applied in this and our earlier work (9) to a num- 
ber of samples prepared by acid hydrolysis of the urine and sub- 
sequent extraction and in no case have we observed a significant 
wave in the region of —1.25 volts indicative of the presence of 
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A‘-3-ketosteroids. However, samples processed by the preferred 
method of conducting the hydrolysis and extraction in a single 
operation (12) frequently give rise to a slight polarographic wave 
at this potential level. A certain untoward variability in the 
discharge, observed with related urine extracts, led us to question 
the obvious assumption that the wave is due to the presence of 
a,§-unsaturated steroid ketones. Furthermore, the amount of 
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Fic. 6. Calibration curves for the determination of dehydroisoandro- 
sterone in the androgen fraction (Sensitivities A, B, and C). 


such material found after Oppenauer oxidation was often little 
more than that apparently present in the original sample, even 
though the urine was of a type known to contain considerable 
quantities of dehydroisoandrosterone. The possibility that the 
discharge is due to a labile substance which is destroyed in the 
course of the Oppenauer reaction was tested by treating an extract 
showing the discharge with aluminum (¢-butoxide and benzene 
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under the standard conditions for conducting the reaction except 
for the omission of acetone for promotion of the oxidation. This 
very largely eliminated the initial discharge in the region of — 1.25 
volts, as shown in the example recorded in Fig. 7. The polaro- 
grams for the untreated extract, for example Curve 2, show a slight 
wave at about —1.3 volts, of a wave span amounting to some 1] 
per cent of that of the upper wave indicative of the 17-ketosteroid 
content. After the extract is processed with aluminum (-butoxide, 
this initial discharge (Curve 4) is reduced to a negligible level (2 
per cent). When testosterone was processed in the same way, 
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Fic. 7. Destruction of an interfering labile substance by aluminum f- 
butoxide. Curves | and 2, androgen extract T-106 (0.1 ec.) polarographed 
as the Girard derivative. Wave spans at Sensitivity B (Curve 2) for 17- 
ketosteroids (—1.5 volts), 40.9 mm.; for interfering substance (—1.3 volts), 
4.5 mm. (11 per cent of 17-ketosteroid content). Curves 3 and 4, the same 
extract polarographed after being heated with aluminum (-butoxide and 
benzene at 100° (1} hours). The wave span at Sensitivity B (Curve 4) for 
17-ketosteroids is 41.9 mm. ; for interfering substance, 1.0 mm. (2 per cent). 


only a very slight alteration in the characteristic polarographic 
wave could be detected, and therefore the labile substance of 
unknown nature which evidently is destroyed in the Oppenauer 
reaction can hardly be an a,6-unsaturated steroid ketone of one 
of the known types. Thus for purposes of the analysis of dehydro- 
isoandrosterone, there is adequate justification for disregarding 
the initial discharge in question. 

As a test of the generality of application of the analytical 
method, determinations were made of the dehydroisoandrosterone 
content of some twenty-six androgen extracts of normal and 
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pathological urines. The extracts, which had been freed from non- 
ketonic material by the Girard method, were kindly supplied by 
Dr. N. B. Talbot. The amounts of dehydroisoandrosterone found 
in the samples fell in the range of from 0 to 21 per cent of the total 
17-ketosteroid content, and no difficulties or significant variations 
in behavior were encountered. Those instances in which further 
analyses were made subsequent to the addition of known amounts 
of dehydroisoandrosterone are recorded in Table I. 

When a considerable amount of dehydroisoandrosterone is 
present, there is little difficulty in interpreting and reading the 
waves with a reasonable degree of accuracy. An analysis of 
urine from a patient with an adrenal tumor, which constitutes one 


TABLE | 


Analysis of Neutral Ketonic Urine Extracts 


Dehydroisoandrosterone content 


Urine extract 17-Ketosteroids nel = — 
“ | Found in sample Added Fouad otter 
mg. per cc. per cent per cent per cent 
T-102 1.35 12 10 22 
T-155 0.82 19 20 40 
'T-159 1.20 17 20 36 
T-162 1.00 13 | 10 21 
T-156 0.93 7 20 26 
T-157 1.20 ll 17 26 


of these favorable cases, is illustrated in Fig.8. The 17-ketosteroid 
content prior to oxidation can be read satisfactorily from the wave 
at — 1.45 volts of either of the Curves 1 and 2. Of the polarograms 
(Curves 3, 4, and 5) obtained after the Oppenauer reaction, that 
taken at Sensitivity B (Curve 4) was deemed the most satisfactory 
and indicated, by reference to the calibration curve (Fig. 6), a 
content of 39 per cent of dehydroisoandrosterone in the ketosteroid 
mixture (Curves 3 and 5 give the readings 36 and 39 per cent, 
respectively). An example of a urine unfavorable for measure- 
ment is shown in Fig. 9. Here the waves at all three sensitivities 
are slight, ill defined, and not greatly extended beyond the limits 
of the initial discharge in this region obtained from mixtures of 
pure ketosteroids containing no dehydroisoandrosterone. A re- 
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liable inference concerning the sample is nevertheless possible, 
Curve 1, corresponding to the lowest sensitivity (A), is excluded 


-1.6 a oma 
17-KETOSTEROID 7 


-1l4 





DEH YDROISOANDROSTERONE 





-1.2 


-1 
PrTverreeryrrer prem 
MICROAMPERES o t 2Cm 


Fic. 8. Analysis of urine extract in a case of adrenal tumor. Curves 
1 and 2, determination of the 17-ketosteroid content of 0.1 cc. of extract, 
wave span (Curve 1, Sensitivity B) 30.1 mm. = 0.112 mg. of 17-ketosteroid. 
Curves 3, 4, and 5, determination of proportion of dehydroisoandrosterone 
in 0.44 cc. of extract (0.5 mg. sample), wave span (Curve 4, Sensitivity 
B) 13.5 mm. = 39 per cent dehydroisoandrosterone (read from Fig. 6). 
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Fig. 9. Analysis of a urine extract (T-106) of low dehydroisoandrosterone 
content (sample containing 0.5 mg. of 17-ketosteroids, after Oppenauer 
oxidation). Curve 2 (Sensitivity B), wave span 3.7 mm. = 0 per cent de- 
hydroisoandrosterone. Curve 3 (Sensitivity C), 8.8 mm. = 3 per cent 
dehydroisoandrosterone. 


from consideration because of the very steep slope of the initial 
part of the corresponding calibration curve (Fig. 6). Readings of 
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the more reliable Curves 2 and 3 give the values 0 and 3 per cent 
dehydroisoandrosterone, and the true value is believed to be not 
far from these limits. After a certain amount of experience in the 
evaluating and reading of such polarograms, one acquires confi- 
dence in the general validity of an average or selected value ob- 
tained even in these unfavorable cases. 


Application to Other Steroids 


The experiments recorded in Fig. 10 indicate that the method 
of analysis is applicable to sterols having a double bond at the 
5,6 position. Cholesterol appears to be a particularly favorable 
ease for, when put through the Oppenauer oxidation and the usual 
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Fie. 10. A®-Sterols after Oppenauer oxidation polarographed as Girard 
derivatives at Sensitivity C. Curve 1, stigmasterol (0.5 mg.), wave span 
10.5 mm.; Curve 2, commercial phytosterol mixture (0.5 mg.), 8.5 mm.; 
Curve 3, cholesterol (0.5 mg.), 22.0 mm.; Curve 4, cholestenone (} X 0.5 
mg., unprocessed), 22.5 mm. 


processing, the substance gives rise to a sharply defined wave 
(Curve 3) of wave span almost as great as that observed with an 
equivalent amount of untreated cholestenone (Curve 4). Curve 
3 was obtained after the heating with aluminum f-butoxide and 
acetone was extended for 23 hours; shorter periods in this case 
proved insufficient. Since cholesterol extracted from biological 
material can be freed effectively from ketonic substances by the 
Girard separation, polarographic analysis following Oppenauer 
oxidation should afford a practical method for the microdetermina- 
tion of this important substance. When processed under com- 
parable conditions, stigmasterol (Curve 1) afforded a wave of the 
same type but of only about half the wave span. A phytosterol 
mixture (Curve 2) behaved similarly. 
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In a few preliminary trials with oestriol, it was found that the 
most satisfactory results are obtained with a period of heating in 
the Oppenauer oxidation of from 1 to 1} hours. The polarographic 
discharge was less extended when either a shorter or a longer period 
was employed. Two distinct but somewhat ill defined and short 
waves were observed, one at the unusually low level of —0.52 
volt, and the other in the region characteristic of the 17-keto- 
steroids (—1.45 volts). The lower discharge may possibly be of 
significance as a characterizing property, although the wave does 
not appear very favorable for measurement. A slight discharge 
in the same region was noted with unoxidized oestriol. 


SUMMARY 


Details are given of a convenient microanalytical procedure for 
oxidizing A®*-3-hydroxysteroids by the Oppenauer method and 
for the polarographic determination of the resulting A*-3-keto- 
steroids in the form of the Girard derivatives. This provides a 
specific method for the determination of the amount of dehydroiso- 
androsterone in the androgen fraction of urine. Cholesterol can 
be determined by the same method. 
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THE ABSORPTION AND TRANSPORT OF FATTY ACIDS 
ACROSS THE INTESTINAL MUCOSA* 


By RICHARD H. BARNES,t ELMER 8. MILLER, anp GEORGE 0. 
BURR 


(From the Division of Physiological Chemistry, Department of Physiology, 
and the Department of Botany, University of Minnesota, Minneapolis) 


(Received for publication, April 28, 1941) 


Study of the transport of fat across the intestinal mucosa during 
absorption has been greatly enhanced by the use of tracers. The 
tracers which have been used most extensively in studies of this 
kind have been the radioactive isotope of phosphorus, highly un- 
saturated fatty acids, and elaidic acid. One of the purposes of 
fat transport studies is to follow the exchange or incorporation 
of fatty acids in the various lipid fractions of a tissue. Unfortu- 
nately the only lipid fraction which can be studied by means of 
radioactive phosphorus is the phospholipid. Furthermore, data 
gained with this tracer represent the active turnover of the phos- 
phorus moiety of the phospholipid molecule and can only be used 
as an indirect measure of changes that the phospholipid fatty 
acids might be undergoing. Calculation of the absolute exchange 
of phospholipid phosphorus cannot be made. All values must be 
expressed in terms of a relative rate of phosphorus turnover. 
Elaidic acid has proved of considerable value as a fatty acid tracer. 
This substance does not possess the disadvantages which have 
been listed for radioactive phosphorus, but it is difficult to deter- 
mine in very small quantities. 


* Aided by grants from the Rockefeller Foundation and the National 
Live Stock and Meat Board. Assistance in the preparation of these ma- 
terials was furnished by the personnel of the Works Progress Administra- 
tion, Official Project No. 665-71-3-69, Subproject No. 331. 

t The experimental data are taken from a thesis submitted to the Faculty 
of the Graduate School of the University of Minnesota by Richard H. 
Barnes in partial fulfilment of the requirements for the degree of Doctor 
of Philosophy. 
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In the present investigation an attempt was made to follow the 
incorporation of a tagged fatty acid into both the phospholipid 
and neutral fat fractions of the intestinal mucosa of rats during 
fat absorption. For this purpose the conjugated fatty acids of 
corn oil with strong spectral absorption were used. By means of 
the spectrophotometer these fatty acids can be measured in mi- 
nute quantities in the presence of preexisting body fat. Because 
of the various advantages that a labeled fatty acid has over radio- 
active phosphorus, and also because of the sensitivity of the spec- 
trophotometric method of measurement, it was hoped that some 
new information could be gained concerning the intermediate 
stages of fat absorption that have not been brought out by other 
methods. 


EXPERIMENTAL 


Adult albino rats were removed from their stock diet and fasted 
for 18 hours. At the end of this period each rat was fed by stom- 
ach tube 0.5 cc. of the methyl esters of the conjugated fatty acids 
of corn oil per sq. dm. of body surface. The conjugated fatty 
acids were prepared by the saponification procedure of Kass and 
Burr (1). With a spectrophotometer of the type described by 
Hogness et al. (2) the conjugated acids gave an absorption coeffi- 
cient, E}%,, 2325 A. of 500. At various intervals after the 
esters were fed, the rats were killed by etherization and the small 
intestines were washed thoroughly with saline and 95 per cent 
alcohol. The stomach and cecum were removed separately and 
slit open before washing. The contents of the entire gastroin- 
testinal tract were acidified with HCl and extracted with petro- 
leum ether. The difference between the weight of oil fed (calcu- 
lated from its specific gravity) and the weight of the extract of 
the intestinal contents was used as a measure of the amount of 
the ester which had been absorbed. The details of the washing 
and extraction procedures have already been described (3). 

The intact small intestine was then removed and the mucosa 
removed by gently scraping the outside of the intestine with the 
edge of a microscope slide. In this manner, the entire intestinal 
mucosa was collected without contamination with mesenteric fat. 
The mucosa was placed in small evaporating dishes and after being 
frozen with solid CO, was dried in vacuo. The dried material 
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was ground, weighed, and extracted with alcohol-ether mixture 
(3:1). This solvent was removed in vacuo and the residue taken 
up in petroleum ether. The petroleum ether extract was washed 
several times with water and then evaporated to a volume of about 
2 cc. Acetone was added, and by centrifugation the acetone- 
soluble (neutral fat) and acetone-insoluble (phospholipid) fractions 
were separated. All operations were performed under nitrogen 
in order to decrease oxidation. Both fractions were made up in 
ethyl alcohol and spectrophotometric measurements at \ 2325 A. 
were made. Blank determinations on the two lipid fractions of 
the intestinal mucosa from rats which had not received the con- 
jugated esters were made. This blank value was subtracted from 
the values obtained from the experimental rats. The difference 
represented the absorption due to the fed conjugated fatty acid 
in the tissues. The details of the extraction procedure and the 
methods of calculation have been given by Miller et al. (4). 

The absorption rate is shown graphically in Fig. 1. The values 
for the amount of fat absorbed per hour were obtained by dividing 
the amount of ester absorbed in any period by the number of hours 
in that period. From the curve it can be seen that the amount 
absorbed in the Ist hour is much greater than that which has 
been absorbed in any later period. Kohl (5), Deuel et al. (6), 
and Barnes et al. (3) have found that the rate of absorption of 
fat is constant. Steenbock et al. (7) have measured the absorp- 
tion rates of several different fats, and if their data are recalcu- 
lated to show the weight of fat absorbed against time, a straight 
line relationship is found. The absorption rate of corn oil (Ma- 
zola) has been redetermined in this laboratory with a large number 
of rats and short absorption periods. This has resulted in the 
confirmation of the earlier conclusion that corn oil is absorbed at 
a constant rate. That there exists a difference in the rate of ab- 
sorption of the methyl esters of the conjugated fatty acids of corn 
oil and of corn oil in its unaltered form seems definite. However, 
the reason for this is not clear in the light of the generally accepted 
theory that fatty acids are resynthesized to neutral fat in the proc- 
ess of absorption, and that no matter whether they are fed as a 
triglyceride or as the free fatty acid, the fat passes into the lymph 
stream as triglyceride. 

Within the Ist hour after feeding, the tagged fatty acids reached 
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& maximum in the mucosa neutral fat (Fig. 2). This incorpora- 
tion of tagged fatty acids can be expressed either as per cent of 
the total neutral fat or as per cent of the dry mucosa. The re- 
sults are expressed in both ways in Fig. 2. The incorporation 
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Fia. 1, The rate of absorption of the methy!] esters of the conjugated 
fatty acids of corn oil (Mazola). ©, mg. of ester absorbed per sq. cm. of 
body surface during the period indicated. @, mg. of ester absorbed per 
sq. em. of body surface per hour during the period indicated. The numbers 
in parentheses represent the number of rats employed in obtaining each 


point. 


takes place very rapidly; over 50 per cent of the total neutral 
fat consists of new fatty acids in 1 hour. With increased time 
after feeding, the tagged fatty acids gradually decrease, falling 
to a value of 30 per cent after 14 hours. 
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Fig. 3 shows the rate of incorporation of tagged fatty acids into 
the mucosal phospholipids. This lipid fraction shows an entirely 
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Fic. 2. The rate of incorporation of tagged fatty acids into the neutral 
fat (acetone-soluble) fraction of the intestinal mucosa. @, per cent tagged 
fatty acids in the mucosa neutral fat. O, per cent tagged fatty acids in 
the dried intestinal mucosa. The numbers in parentheses represent the 
number of individual rats employed in obtaining each point. 


different picture than is seen in the case of the neutral fats. The 
tagged acids slowly accumulated in the phospholipids. They 
reached a maximum in about 8 hours and then began to decrease, 
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The general shape of this curve is in good agreement with that 
found with radioactive phosphorus by Fries et al. (8). 

It was mentioned earlier that the mucosa of the entire small 
intestine was collected and analyzed. As the small intestine can 
be considered the only region of the gastrointestinal tract carrying 
on active fat absorption, it has been possible to calculate the total 
amounts of tagged fatty acids present in the mucosa at the various 
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Fic. 3. The rate of incorporation of tagged fatty acids into the phospho- 
lipid (acetone-insoluble) fraction of the intestinal mucosa. @, per cent 
total phospholipid fatty acids which were tagged. O, per cent tagged 
phospholipid fatty acids in the dry mucosa. The right-hand ordinates 
provide the scale for the O points. The numbers in parentheses represent 
the number of individual rats employed in establishing each point. 


intervals studied and to compare these values with the amount 
of fatty acid absorbed during the interval. These calculations 
are presented in Table I. The total neutral fat in the mucosa 
varies considerably. Whether any significance can be attached 
to these variations is doubtful. Half an hour after feeding, 52 
mg. of tagged fatty acid have entered the neutral fat fraction. 


This has not caused any appreciable change in the total amount 
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of neutral fat, but 1 hour after feeding, the total neutral fat has 
doubled in amount, although there has been no further increase 
in tagged material. It is of singular interest that the amount 
of tagged fatty acid in the neutral fraction reaches its maximum 
within the first half hour of absorption and remains relatively con- 
stant through the 8th hour. The total phospholipid fatty acids 
show the constancy that has come to be recognized as typical of 
this lipid. There is a slow but regular incorporation of tagged 
acids into the mucosal phospholipids. This reaches a maximum 
of 5 mg. after 8 hours of absorption and then falls to 3.2 mg. at 
14 hours. 


TaBLE I 
Actual Amounts of Tagged Fatty Acids Present in Two Fat Fractions of 
Intestinal Mucosa after a Single Dose of Methyl Esters of 
Conjugated Fatty Acids of Corn Oil Was Fed 
The numbers in parentheses represent the number of individual rats used 
in establishing each of the presented averages. 





a Dry Total Tagged Tot per phones id Fat absorbed 











time mucosa | neutral fat | neutral fat fatty acids | fatty aci during 
hre. | - . | ia ' ~ mg. mg. mg. 
0.0 | 350 | 72 (8) 0 24 (3) 0.0 0.0 


0.5 378 85 (6) | 52 (6) | 21 (6) | 0.6 (6) | 320 (8) 
1.0 | 428 161 (5) | 48 (5) 34 (3) | 2.0 (3) | 350 (14) 
2.0 458 | 109 (6) | 64 (6) | 25 (3) | 2.4 (3) | 490 (6) 
8.0 504 105 (5) | 50 (5) | 33 (3) | 5.0 (3) | 910 (6) 
14.0 387 62 (2) | 19 (2) 30 (3) | 3.2 (3) | 1180 (3) 

















Half an hour after the methyl esters of the conjugated fatty 
acids of corn oil are fed, 320 mg. of this ester have left the intes- 
tinal lumen. 52 mg. of these acids have remained in the intestinal 
mucosa as neutral fat (acetone-soluble), and 0.6 mg. as phospho- 
lipid fatty acids. This means that approximately 270 mg. have 
passed through the mucosa. In the first half hour of absorption, 
approximately 3 per cent of the phospholipid fatty acids has ex- 
changed with fed fatty acids. During this same absorption period 
more than 50 per cent of the acids of neutral fat has exchanged. 
In this period these labeled acids have reached a maximum in- 
corporation in the neutral fat fraction but have showed a minimum 
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incorporation in the phospholipids. If phosphorylation of the ab- 
sorbed fatty acids is an integral part of the process of transport 
across the intestinal mucosa, the synthesis of neutral fat from 
phospholipid must be proceeding at an extremely high rate, per- 
mitting the accumulation of only traces of the latter. It appears 
that in the presence of a large amount of new fatty acid in the 
neutral fat fraction of the mucosa, there is a gradual entry into 
mucosal phospholipids by exchange or synthesis. The slowness 
of this entry into phospholipids and the minute amount present 
at the time of maximum rate of absorption indicate that this phos- 
phorylation is not an essential part of fat transport. Through 
numerous studies (5, 8, 9) this typical accumulation of tagged 
material, whether phosphorus or fatty acid, in the phospholipids 
of the various body tissues has been demonstrated. From the 
foregoing discussion it can be seen that caution should be exercised 
in interpreting such data as a fat transport phenomenon. 


SUMMARY 


By means of the spectroscopically distinguishable conjugated 
fatty acids of corn oil, a study of the absorption and transport 
of the methyl esters of fatty acids across the intestinal mucosa 
has been made. The results show no apparent parallelism be- 
tween the rate of fatty acid incorporation into mucosa phospho- 


lipids and transport. 
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THE ADRENALS AND FAT ABSORPTION* 


By RICHARD H. BARNES,t ELMER 8S. MILLER, anp GEORGE 0. 
BURR 


(From the Division of Physiological Chemistry, Department of Physiology, 
and the Department of Botany, University of Minnesota, Minneapolis) 


(Received for publication, April 28, 1941) 


Verzér and Laszt (1, 2) have reported that fat absorption is 
decreased after removal of the adrenals. These investigators have 
also found that fat absorption is returned to normal if the adrenal- 
ectomized animals are treated with a preparation of the adrenal 
cortex hormone (2, 3). From these observations Verzdér and 
Laszt have concluded that fat cannot be phosphorylated in the 
absence of the adrenal cortex, and that it was this interference 
with phosphorylation which caused the observed decrease in ab- 
sorption. 

Barnes et al. (4) found that adrenalectomized rats absorbed fat 
at a normal rate if they were maintained in good condition with 
sodium chloride. This observation makes it appear likely that 
certain secondary effects of adrenal insufficiency which can be 
alleviated by sodium chloride as well as the adrenal cortical hor- 
mone are responsible for the decreased absorption which others 
have noted. This evidence is contrary to the hypothesis that the 
adrenal cortical hormone is specifically required for normal fat 
absorption. The present investigation was made in an effort to 
study the part played by the adrenals in the phosphorylation of 
absorbed fat in the intestinal mucosa, and to extend previous ob- 


* Aided by grants from the Rockefeller Foundation and the National 
Live Stock and Meat Board. Assistance in the preparation of these ma- 
terials was furnished by the personnel of the Works Progress Administra- 
tion, Official Project No. 665-71-3-69, Subproject No. 331. 

t The experimental data are taken from a thesis submitted to the Faculty 
of the Graduate School of the University of Minnesota by Richard H. 
Barnes in partial fulfilment of the requirements for the degree of Doctor 
of Philosophy. 
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servations of the rate of absorption in adrenalectomized rats to 
a larger series. 


EXPERIMENTAL 


The general methods used in this study have been previously 
described (4, 5). The conjugated fatty acids of corn oil which 
have been employed in this laboratory as a tagged fat were fed 
by stomach tube in the form of their methyl esters. Because of 
their high spectral absorption coefficient these fatty acids could 
be quantitatively differentiated from preexisting body fat. At 
intervals after feeding, the rats were killed, and analysis of the 
intestinal contents and intestinal mucosa was made. The adre- 
nalectomized rats were operated upon 4 days before the fat was 
fed. During the interim they were given, ad libitum in their 
drinking water, 0.6 per cent sodium chloride plus 0.2 per cent 
sodium citrate. Together with a suitable group of controls which 
had been receiving the same salt mixture, they were fasted for 
18 hours just previous to administration of the methyl] esters. 
All animals were in excellent condition at this time. 

The rates of absorption are shown in Fig. 1. The adrenal- 
ectomized rats seem to absorb fat more rapidly than the normal 
controls. There is a great variability among animals in fat ab- 
sorption experiments of this type. It is possible that the differ- 
ences in absorption rate are not large enough to be significant. 
However, it is interesting that in all of the absorption experiments 
which have been performed in this laboratory the relation shown 
in Fig. 1 has been found. None of the animals included in this 
study had diarrhea, so fecal loss cannot account for the greater 
disappearance observed in the adrenalectomized animals. It has 
been pointed out (6) that the curve of absorption is probably not 
the same for the conjugated fatty acid esters which have been 
used in these studies and the natural triglycerides. The essential 
purpose of this investigation was to study the incorporation of 
the tagged fatty acids in the mucosal lipid fractions, so it may 
suffice to say that with the methyl esters employed, no decrease 
in absorption was observed in adrenalectomized rats maintained 
in good physical condition by salt therapy. 

In Fig. 2 are shown the rates of incorporation of the fed fatty 
acids into the mucosal neutral fat. The normal curve which is 
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represented by the broken line is a composite for all of the normal 
rats used in this series of experiments (6). The data gathered 
from the actual control rats, on which experiments were run si- 
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Fig. 1. The rate of absorption of the methyl esters of the conjugated 
fatty acids of corn oil (Mazola). Absorption of the ester in, O, adrenalec- 
tomized and, @, normal rats. The figures in parentheses represent the 
number of rats employed in obtaining each point. 


multaneously with those on the adrenalectomized rats, are shown 
by solid dots. The curve for the larger group of animals more 
accurately represents the rate of normal incorporation. The same 
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Fic. 2. The rate of incorporation of tagged fatty acids into the neutral 
fat (acetone-soluble) fraction of the intestinal mucosa. @, per cent tagged 
fatty acids in the mucosa neutral fat of normal rats. O, per cent tagged 
fatty acids in the mucosa neutral fat of adrenalectomized rats. The 
figures in parentheses represent the number of rats employed in obtaining 
each point. 
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Fic. 3. The rate of incorporation of tagged fatty acids into the phospho- 
lipid (acetone-insoluble) fraction of the intestinal mucosa. @, per cent 
tagged fatty acids in the mucosa phospholipids of normal rats. O, per 
cent tagged fatty acids in the mucosa phospholipids of adrenalectomized 
rats. The figures in parentheses represent the number of rats employed 
in obtaining each point. 

244 























Barnes, Miller, and Burr 245 


applies to the normal phospholipid fatty acid incorporation which 
is shown in Fig. 3. 

The rates of incorporation of tagged fatty acids into both the 
mucosal neutral fat (Fig. 2) and phospholipids (Fig. 3) are very 
similar for the normal and adrenalectomized rats. This similarity 
seems even more pronounced for the phospholipids than for the 
neutral fats. It is quite clear that if the rate of accumulation 
of new fatty acids is a criterion of rate of phosphorylation, the 
cortical hormone plays no direct part in fatty acid phosphorylation. 


DISCUSSION 


Only recently has the complexity of hormonal regulation by the 
adrenal been appreciated. Among others, Verzdr (7) and MacKay 
(8, 9) together with their collaborators have demonstrated a 
marked influence of the adrenals upon liver fat. Even though 
maintained with sodium chloride, adrenalectomized rats do not 
develop fatty livers under conditions that profoundly affect nor- 
mal animals in this respect. It would seem therefore, that the 
adrenal does play some direct part in fat transport. Verzdr and 
Jeker (10) have reported histochemical abnormalities in the in- 
testinal mucosal lipids of adrenalectomized rats after feeding fat. 
Preliminary histochemical studies! in this laboratory indicate that 
during fat absorption the mucosa of adrenalectomized animals 
maintained in good postoperative condition is different from that 
of normals. 

The investigations reported here are not cited as evidence 
against an adrenal hormonal regulatory influence on fat trans- 
port, but merely to show that the adrenal is not specifically nec- 
essary for (1) the normal rate of fat absorption or (2) the normal 
rate of incorporation of absorbed fatty acids into thé intestinal 
mucosal phospholipids and neutral fat. 
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THE INFLUENCE OF THE ADRENALS ON THE TRANS- 
PORT OF FAT INTO THE LIVER* 
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Fatty livers normally found in rats which have been poisoned 
with phosphorus, treated with active preparations of the anterior 
pituitary, and fasted for several days or fed a high fat, low protein 
diet do not develop if the animals have been adrenalectomized 
(1-3). This prevention of fatty livers in adrenalectomized ani- 
mals is observed even though they are maintained in good condi- 
tion by salt therapy (3), but is not observed if they are treated 
with active extracts of the adrenal cortex (4). Unlike the dele- 
terious effect of adrenalectomy on fat absorption (5) which is re- 
turned to normal by the administration of salt (6), the effect of 
the adrenals on liver fat seems to be a specific function of the 
adrenal cortex. 

In the present communication, an effort has been made to elu- 
cidate some of the fat transport phenomena which are influenced 
by the adrenals. 


Methods 


The system of labeling fatty acids by the conjugation of double 
bonds in naturally occurring fats has been employed (7). The 
fatty acids of corn oil, which contain no acid more unsaturated 
than linoleic, were subjected to the alkali treatment described by 
Kass and Burr (8). By this treatment the double bonds of the 


* Aided by grants from the Rockefeller Foundation and the National 
Live Stock and Meat Board. Assistance in the preparation of these ma- 
terials was furnished by the personnel of the Works Progress Administra- 
tion, Official Project No. 665-71-3-69, Subproject No. 331. 
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linoleic acid present in the mixture are conjugated, with the re- 
sulting increase in spectral absorption coefficient, E}%,,, at a wave- 
length of 2350 A., from about 4 to approximately 500. Fatty 
acids of this nature may be easily differentiated from preexisting 
body fat by spectroscopic means. One serious handicap in this 
method of labeling fatty acids is that they are marked by a special 
arrangement of the double bonds. ‘The intestinal mucosa prob- 
ably has a negligible effect upon the structure of fatty acids, but 
it has been repeatedly pointed out that changes in unsaturation 
take place in the liver. Therefore fatty acids, with a special ar- 
rangement of double bonds, which are fed might.reach the liver 
unchanged, but it is possible that this organ subjects these fatty 
acids to such changes that they can no longer be differentiated 
from other body fat. This handicap, serious as it might be, applies 
to all of the different methods of labeling fatty acid molecules. 
If proper precautions are taken in drawing conclusions concernin® 
the amounts of labeled substance found in the various lipid frac- 
tions of the liver, many deductions can be made. 

Adult albino rats were bilaterally adrenalectomized and given 
0.6 per cent sodium chloride plus 0.2 per cent sodium citrate in 
their drinking water for 4 days. At this time food was removed 
from the cages and after the rats had fasted for 18 hours the methyl 
esters of the conjugated fatty acids of corn oil were fed by stomach 
tube. The dose in each case was 0.5 ml. per sq. dm. of body sur- 
face! In Experiment 2 certain adrenalectomized rats (males) 
were given 4 ml. of cortin (Wilson) subcutaneously in four equally 
divided doses over a period of 24 hours preceding the adminis- 
tration of fat and 1.0 ml. of cortin just prior to feeding the methyl 
esters. In Experiment 3 cortin was given in the drinking water 
of certain adrenalectomized rats (females). Each rat in this group 
received an average of 6.5 ml. of cortin during the 48 hours pre- 
ceding fat administration. In addition, each of these rats received 
2.0 ml. of cortin subcutaneously just prior to fat feeding. All of 
the adrenalectomized rats together with suitable groups of controls 
which were not operated upon received the salt mixture previously 
described. None of the controls was treated with cortin. 

At intervals after the labeled fatty acid esters were introduced 
by stomach tube, the rats were killed by etherization. The 


1 Body surface was calculated by the formula of Carman and Mitchell (9). 
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amount of fat which had been absorbed was determined as de- 
scribed by Barnes et al. (6). The livers were removed and ex- 
tracted with boiling alcohol-ether mixture (3:1). Phospholipids 
were precipitated with acetone and the acetone-soluble (neutral 
fat) and acetone-insoluble (phospholipid) fractions were analyzed 
spectroscopically for their content of labeled fatty acid. The 
methods of analysis and calculation have been previously de- 


scribed (7). 
Results 


In confirmation of earlier results (6, 10), no decrease in the rate 
of absorption was found in the adrenalectomized rats receiving 
salt. In fact these animals showed a slight increase in absorp- 
tion over normal controls and the adrenalectomized rats receiving 
cortin had an absorption rate slightly greater than either adrenal- 
ectomized rats treated with salt or the normal controls. The in- 
creased absorption in cortin-treated rats was so small that it could 
not seriously affect the interpretation of data on fat deposition 
in the liver. 

The typical sex difference in liver fat is seen quite clearly in 
Table I. It is of interest that the larger amount of fat in the 
livers of females than in those of males is entirely due to the ace- 
tone-soluble fraction. There does not appear to be any difference 
in the phospholipid content of the two sexes. Although there was 
no consistent difference in the liver lipids of the various groups, 
there was in the female rats a trend which shows increased neutral 
fat 8 hours after feeding (Experiment 3, Column 6). There was 
also a marked effect of cortin on the neutral fat (Experiment 3, 
Column 6). Nosuch effects were shown by males. The phospho- 
lipid changes were negligible in all groups. 

In Experiment 1, no provision was made for the measurement 
of E1%, at a wave-length of 2350 A. of the two lipid fractions 
from the livers of rats that had not been fed the tagged fatty 
acids. This precludes the calculation of the per cent tagged fatty 
acids in the extracted lipids. However, significance may be at- 
tached to the E}%,. calculations, for this value is roughly propor- 
tional to the per cent tagged fatty acids. In this experiment the 
normal females show a rise of E}%,. of the liver neutral fat from 
51.2, 0.5 hour after the tagged material was fed, to 124, 7.5 hours 
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Taste I 


Influence of Adrenalectomy and Various Types of Subsequent Treatment 
upon Entrance of Tagged Fatty Acids into Liver 








Acetone-soluble | Acetone-insoluble 


| (neutral fat) (phospholipids) 
SES o ane ae aE EEE. Feo 
= 
2/48 SS) Biles 
Fy = 2/8 zis 
Experiment No. and | o 2 2 = g 4 z 
treatment | g : . s 2 - 2 3 
ba 2i2is3/18/]231314/ 2 
SE te 2 e- 3 po — 3 ~ 2s 
3 £ : S 5 a =? B : pot | 
Pls | 2181 lud| BF) Fledl| B 
s si ‘Ss s | Ss & 2 = a 
is<ilz2iale Zz & | & es = 
- s | - — « — —_ | 7 2 
(1) (2) | (8) (4) (5) (6) (7) (8) | (@ (10) (11) 
- |- me: 
per per per per 
hrs | om. | gm cent cent | cent cent 


1. Females 





























Control... 0.5| 2 | 201] 5.63] 3.36} 51.2} * | 2.92) 18.2) * 
Ad. + salt 0.5} 4 | 205] 4.90] 3.34) 40.8} * | 2.88) 14.9) * 
Control | 2.0} 2 | 200] 6.28] 3.24) 41.8) * | 2.63) 21.1) * 
Ad. + salt 2.0} 4 | 214] 4.97] 3.56] 38.1) * | 2.62) 15.3] * 
Control 8.0} 2 | 203) 6.08) 6.42)124 ° 3.24) 32.1) * 
Ad. + salt 8.0] 4 | 217] 5.31] 2.78] 36.1] * | 2.64] 20.7) * 
2. Males 
Control 0.0) 3 | 282) 6.93) 1.56) 20.0 3.13} 8.5 
Ad. + salt 0.0] 3 | 284] 6.23] 2.53} 18.5 3.80] 11.0 
“ + cortin 0.0} 3 | 283] 6.77] 1.85) 18.6 3.03] 12.1 
Control 1.0} 3 | 201] 7.25] 1.80] 22.0] 0.4 | 3.32) 7.4] 0.0 
Ad. + salt 1.0| 3 | 276] 6.02) 2.73} 16.6} 0.0 | 3.23] 8.7} 0.0 
“ 4 eortin 1.0} 3 | 286] 6.39] 1.86) 23.6} 1.0 | 3.21] 9.1] 0.0 
Control 8.01 3 | 201] 7.33] 1.37] 74.6] 10.9 | 2.94] 19.3] 3.0 
Ad. + salt 8.0} 3 | 285) 5.75] 1.62} 33.5) 3.0 | 3.00] 24.0) 3.6 
“ + eortin 8.0] 3 | 287| 6.74] 2.35] 61.5] 8.6 | 3.39] 18.5] 1.8 
3. Females 
Control 0.0] 4 | 212) 4.29) 2.74] 31.6 2.82} 28.2 
Ad. + salt 0.0} 4 | 199) 4.28) 2.99) 36.2 2.91] 18.6 
“ + eortin 0.0] 4 | 206] 4.03] 4.23) 26.2 3.36] 16.5 | 
Control 1.0] 4 | 208] 4.55] 2.78] 45.9} 2.9 | 3.41] 21.4] 0.0 
Ad. + salt 1.0] 3 | 202] 4.03] 2.81] 39.5} 0.7 | 2.71| 23.1] 1.2 
“ + eortin 1.0] 4 | 204] 5.04) 4.15] 31.2) 1.0 | 3.49] 17.8] 0.4 
Control 8.0} 4 | 207| 5.02| 3.72) 86.9) 11.0 | 2.87] 42.3] 3.9 
Ad. + salt 8.01 4 | 195] 4.26) 3.37] 54.1) 3.6 | 2.39] 57.0] 10.6 
4 | 198] 4.29) 4.51] 87.0) 12.2 | 3.11) 33.1) 4.9 


‘* + cortin 8.0 


Ad. = adrenalectomy. 
* The values for the per cent tagged fatty acids in the lipid fraction were 


not calculated, because no 0 hour controls were available. 
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later. This value of 124 represents the passage of a fairly large 
amount of the fed fatty acids into the liver. The adrenalecto- 
mized rats did not show any change in the E}%, of neutral fat. 
This probably means that none of the absorbed fatty acids was 
deposited in the livers of these animals within the 8 hour period 
studied. In both Experiments 2 and 3, much less tagged fatty 
acid was found in the neutral fat at the 8 hour period in the livers 
of adrenalectomized rats receiving salt than was observed in the 
normal controls. In these two experiments, measurements of the 
E\%,. value of the lipid fractions were made on controls receiving 
no tagged acids, so that calculations of the per cent tagged fatty 
acids in the lipid extracts were possible (Columns 8 and 11, 
Table I). In both males and females (Experiments 2 and 3) the 
administration of large amounts of cortin made possible the nor- 
mal transport of absorbed fatty acids into the neutral fat fraction 
of the livers of adrenalectomized rats. 

Observation of the incorporation of tagged fatty acids into the 
phospholipid fractions of the livers of rats subjected to the various 
experimental conditions presents an entirely different picture. 
There is no decrease in fatty acid incorporation in the phospho- 
lipids of adrenalectomized rats maintained with salt. If there is 
any effect due to the lack of the adrenals, it would appear to be 
in the opposite direction. That is, in two of the three experiments, 
at the 8 hour period there is slightly more tagged material in the 
phospholipids of adrenalectomized rats receiving salt than in the 
normal controls. The cortin-treated rats show no definite altera- 
tion from the controls. 


DISCUSSION 


The influence of adrenalectomy on the transport of fat into the 
liver seems to be specifically related to the hormone (or hormones) 
of the adrenal cortex. Adrenalectomized rats which have been 
maintained in good physical condition by the administration of 
salt have an impaired ability to deposit absorbed fat in the neutral 
fat stores of the liver. This effect is returned to normal by the 
administration of a suitable extract of the adrenal cortex. The 
fact that the influence of the adrenal is entirely upon the neutral 
fat fraction is of interest. The réle of the phospholipids and the 
process of phosphorylation of fatty acids as phenomena associated 
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with fat transport has been stressed by many investigators. The 
use of such tracer substances as elaidic acid and radioactive phos- 
phorus has led to the general conclusion that the rapid turnover 
of phospholipid fatty acids is a reflection of the importance of the 
phospholipid in fat transport. It is very probable that phospho- 
lipids do perform such a function. The fact that fatty acid trans- 
port into liver neutral fat is seriously impaired by adrenalectomy 
while no such impairment is noticed in the transport of these acids 
into the liver phospholipids points out the necessity of caution in 
interpreting phospholipid exchange data in the light of fat trans- 
port. It is possible that the transport of fat may be altered by 
imnaired phosphorylation as has been proposed by Perlman and 
Chaikoff (11) in their recent studies on the mechanism of choline 
action. Nevertheless, it is just as possible that the transport of 
fatty acids into a tissue might be altered without any change in 
the rate of phosphorylation. No matter what mechanism is in- 
volved in the decrease of fat transport into the livers of adrenalec- 
tomized rats, the observations recorded here do not support the 
hypothesis of Verzér and Laszt (4) who believe this to be another 
example of the effect of the adrenal cortical hormone upon phos- 
phorylation. 


SUMMARY 


It has been found that the sex difference in liver fat is restricted 
entirely to the acetone-soluble fraction. 

The observation that fat transport is impaired in adrenalec- 
tomized rats maintained with salt has been confirmed. 

By tagging the lipids with fatty acids of strong spectral ab- 
sorption, it has been found that the interference of this transport 
by adrenalectomized animals is restricted to the acetone-soluble 
fraction of the liver lipids. 

The rate of entrance of tagged fatty acids into the liver neutral 
fat of adrenalectomized rats was returned to normal by the ad- 
ministration of adrenal cortex extract. 

Adrenalectomy has not been found to decrease the rate of phos- 
phorylation of absorbed fatty acids in the liver phospholipids. 
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CONFIGURATIONAL RELATIONSHIP OF 2-METHYL- 
HEPTANOIC AND 4-METHYLNONANOIC ACIDS 


By P. A. LEVENE* anp MARTIN KUNA 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, February 20, 1941) 


The configuration of 2-methylheptanoic acid has not previously 
been correlated to that of 3-methyloctanoic and 4-methylnonanoic 
acids. 

This has now been accomplished by a series of reactions shown 
in Formulas I to V. A malonic ester synthesis from levo-1l-iodo- 
2-methylheptane (IV) yielded levo-4-methylnonanoic acid (V). 
Previously, Levene and Marker’ made the same acid from dextro- 
3-methyloctanoic acid. Thus levo-2-methylheptanoic, dextro- 
3-methyloctanoic, and levo-4-methylnonanoic acids are con- 
figurationally related. The relationship is the same as that found 
in the methyl-n-propy! and methyl-n-butyl series by Levene and 
Marker.’ 

EXPERIMENTAL 

Resolution of 2-Methylheptanoic Acid (Methyl Amyl Acetic Acid) 
—900 gm. of dl-2-methylheptanoic acid were neutralized with 1825 
gm. of cinchonidine in acetone. The mixture was filtered, and 
the mother liquor was evaporated under reduced pressure and the 
acid recovered. B.p. 94-96°, 1 mm.; yield, 150 gm.; n° = 1.4235. 

la]= = +8.9° (homogeneous) 
The crystals were recrystallized from acetone six times, and from 
methyl ethyl ketone three times more. The acid was extracted 
and distilled. Yield, 50 gm.; d% = 0.902 (in vacuo); n2 = 1.4233. 
CsH,O2. Calculated, C 66.63, H 11.19; found, C 66.56, H 11.35 











* Died September 6, 1940. 
' Levene, P. A., and Marker, R. E., J. Biol. Chem., 95, 1 (1932). 
2 Levene, P. A., and Marker, R. E., J. Biol. Chem., 108, 299 (1933). ° 
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256 Octanoie and Decanoic Acids 


[a]® = —15.6°; [M]® = —22.5°, i.e. 86.5 per cent of the 
maximum [M]® = —26.0° (homogeneous), calculated from the 
maximum rotation of 4-methylnonanoic acid given by Levene and 
Marker,’ assuming no racemization in reactions (I) to (V). 

H H 
| 

CH;—C—COOH — CH;—C—Co0oC:H; — 
| 


| 
CsHu (n) CsHu (n) 


—26.0° —32.6° 
(I) (II) 
H H H 


CH;—C—CH.0H — CH;—C—CHil — CH;—C- -(CH,),COOH 


| | 
CsHu (n) CsHu (n) CsHy, (n) 


+11.1° —5.35° —1.9 
(IIT) (IV) (V) 


Dextro-2-Methylheptanoic Ethyl Ester —236 gm. of 2-methyl- 
heptanoic acid, [a]*> = +8.48° (homogeneous), i.e. 47 per cent 
of the maximal value, were dissolved in 300 gm. of dry ethanol 
containing 15 gm. of concentrated sulfuric acid. The solution 
was refluxed for 2 hours. The ester was isolated as usual. B.p. 
80°, 15 mm.; yield, 246 gm.; d? = 0.860 (in vacuo); n™ = 1.4119. 


CyoH29O2. Calculated, C 69.72, H 11.70; found, C 69.77, H 11.87 
falp = +8.91°; [M]Jp = +15.3°, i.e. 47% of calculated maximum (Mj> = 
+32.6° (homogeneous) 


Levo-2-Methyl-1-Heptanol—246 gm. of 2-methylheptanoic ethy! 
ester, [a]” = +8.91° (homogeneous), were reduced in the following 
manner. 50 gm. of sodium were melted in toluene, broken into 
fine pellets with a stirrer, and let cool. The toluene was poured 
off and the sodium particles were washed several times with dry 
hexane. Then 250 cc. of dry hexane were added and 30 gm. of 
the ester dissolved in 30 cc. of dry methanol were slowly added with 
rapid stirring. 400 cc. of dry methanol were then added in such 


3 Levene, P. A., and Marker, R. E., J. Biol. Chem., 96, 162 (1932) 
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a manner as to continue refluxing until all of the sodium was dis- 
solved. 500 cc. of water were then added, and the carbinol was 
extracted with ether. The extract was washed with water and 
dried with anhydrous potassium carbonate. The carbinol dis- 
tilled at 85-89°, 18 mm.; yield, 106 gm.; d?= 0.823 (in vacuo); 
n™ = 1.4256. 

CsH,30. Calculated, C 73.78, H 13.93; found, C 73.73, H 14.00 


fal> = —4.01°; (M]= = —5.22°, i.e. 47% of calculated maximum [M]> = 
—11.1° (homogeneous) 


Dextro-1-Iodo-2-Methylheptane—106 gm. of 2-methyl-1-hep- 
tanol, [a]?> = —4.01° (homogeneous), were transferred into five 
bomb tubes and 1.5 volumes of anhydrous hydrogen iodide were 
distilled into each. The sealed tubes were allowed to stand at 
25° for 1 week, and were then heated for 1 hour at 60°. The iodide 
was isolated as usual.‘ B.p. 78-80°, 8 mm.; yield, 167 gm.; 
n® = 1.4875; d? = 1.333 (in vacuo). 


CsHi7I. Calculated, C 39.98, H 7.13; found, C 40.00, H 7.07 


[a]? = +1.05°; [M]®” = +2.52°, i.e. 47 per cent of the calcu- 
lated maximum [M]? = +5.37° (homogeneous), assuming no 
racemization. 

Dextro-4-Methylnonanoic Acid’—160 gm. of 1-iodo-2-methyl- 
heptane, [a]? = +1.05° (homogeneous), were added to a solution 
which contained 14.7 gm. of sodium dissolved in 150 ec. of dry 
ethanol, and 112 gm. of ethyl malonate. After the mixture had 
been refluxed for 1.5 hours, the reaction was neutral. The ester 
was isolated as usual. After a forerun up to 210°, 760 mm., it 
distilled at 88-98°, 1 mm. Yield, 150 gm. The ester was hydro- 
lyzed and the acid isolated as usual. B.p. 92°, 0.1 mm.; yield, 
39 gm. 

CyoH20O2. Calculated. C 69.72, H 11.70, mol. wt. 172.3 


Found. “a,” tic5 ~“ ”" Bae 
la]> = +0.46°; (M]> = +0.89° (homogeneous) 


Levene hind Marker’ report a maximum [M]? = +1.9° for this acid. 
The acid therefore contains 47 per cent of the dextro form. 


‘ Levene, P. A., and Rothen, A., J. Biol. Chem., 116, 415 (1936). 
5 Levene, P. A., and Marker, R. E., J. Biol. Chem., 95, 17 (1932). 





























CONFIGURATIONAL RELATIONSHIPS OF ALIPHATIC 
AMINES 


By P. A. LEVENE* anp MARTIN KUNA 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, February 20, 1941) 


In a previous publication! it was shown that members of a homol- 
ogous series of normal aliphatic disubstituted acetic acids con- 
taining a methyl group have the same sign of rotation. The cor- 
responding free amines when configurationally related have the 
opposite sign of rotation. From Table I, levo-2-methylheptanoic 
acid is correlated to dextro-l-amino-2-methylheptane and agrees 
with the other members of its series. 

When the disubstituted acid contains an ethyl group, however, 
the acid and the free amine have the same sign of rotation. Thus, 
from Table I, levo-2-ethyleaproic acid leads to levo-l-amino-2- 
ethylhexane. The rotatory dispersion of the latter has been pre- 
viously determined.? 

In Table II the derivatives of 4-nonanol are given. These have 
been discussed in a previous publication? and the rotatory dis- 
persion of the dextro-4-aminononane and its salt has been deter- 
mined. The details, however, were omitted. 

It is interesting to note that the reduction of dextro-5-methyl- 
decanonitrile led to an inactive l-amino-5-methyldecane. This 
is analogous to the case of an inactive 5-methyl-1-nonanol leading 
to an active bromide.* 

The rotations of the configurationally related aliphatic amines 
are given in Table III. 


* Died September 6, 1940. 

1 Levene, P. A., and Marker, R. E., J. Biol. Chem., 95, 153 (1932). 

* Levene, P. A., Rothen, A., and Kuna, M., J. Biol. Chem., 120, 759 (1937). 
* Levene, P. A., and Marker, R. E., J. Biol. Chem., 108, 299 (1933). 
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EXPERIMENTAL 
Levo-2-Methylheptanoyl Chloride—15 gm. of 2-methylheptanoic 
acid,‘ [a] = —7.8° (homogeneous), #.e. 43 per cent of the maximal 


value,® were dissolved in 50 gm. of thionyl chloride. The mixture 


TaBLe | 
Derivatives of Substituted Acetic Acids 


23 . . 
[M]p homogeneous unless otherwise specified. 





| | | . ‘|-CH:NEY- 
Series | —COOH | —COCI —CN —CH:NH: | HCl 
| | (in HO) 
H 
| | 
CH,—C —26.0° | —21° | —43.3° | +14.5° | +12.2° 
) | 
CsHy, (n) 
H 
| 
C,H,—C— | —23.5°*| —12° | —27° —3.1° | —8.1° 


| 
| 


C,H, (n) 


* This value was calculated from the maximum rotation of the hydrocar- 
bon methyl ethyl n-butylmethane to which the acid was converted, assum- 
ing no racemization (see foot-note 8). 

TABLE II 
Derivatives of 4-Nonanol 


2 ° . 
[M|p homogeneous unless otherwise specified. 


Hydrochloride® 





Carbinol Iodide Azide Free amine* (in HxO 
+0.82° —4.37° —0.2° +0.75° —1.69° 


* See foot-note 2. 


was allowed to stand at 25° for 1 hour, refluxed for 15 minutes, and 
then distilled. B.p. 67-70°, 12 mm.; yield, 15.5 gm.; dP = 0.94. 


CsH,,0Cl. Caleulated, C 59.07, H 9.30; found, C 58.90, H 9.17 
la]Jp = —5.1°; [M]p = —9.1°; least maximum (M]5 = —21° (homogeneous) 
(The least maximum rotation is defined as the minimum possible value 
(see foot-note 8).) 


‘ Levene, P. A., and Kuna, M., J. Biol. Chem., 140, 255 (1941). 
5 Calculated from the value of [M]>? = —26.0° as maximum (see foot- 
note 4). 
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Considerable racemization takes place during the above reaction. 
4 sample of the same acid, when allowed to stand with thionyl 
chloride at room temperature overnight, and then refluxed for 15 
minutes, gave an acid chloride of only [a]” = —1.3° (homo- 
geneous). Because of this racemization, the calculated maximum 
rotations are given as the least maximum values. 

Levo-2-Methylheptonitrile—15 gm. of 2-methylheptanoyl chlo- 
ride, [a] = —5.1° (homogeneous), were slowly dropped into 

TaBLe III 
Configurationally Related Amines 





2 . . 
|M]p (approximate maximum values). 


a ||| g 
| 4 | @ 4 4 
R —NH:2 ic = = = Z 
oS i LS o gy 
i ce, | y YA 
CH; | Ethyl +0.7° | —5.1°|4+11° (412° |+16° | 
| n-Propyl —14° | —0.4°| —0.7° 
H—C n-Butyl +7.8° |—16° —-1.7°| —0.8°| +0.5°|+2.4° 
| n-Amyl Levo | —3.6° - 
R n-Hexy!] +6.8° 
CH; 
H—C n-Buty! +4.2° | +3.1' 
n-Hexy! +7.2° 
R 
C;H; (n) 
n-Buty! +0.6° 
H—C n-Amyl +0.7° 
n-Hexy] Dextro 
R 


50 cc. of a 40 per cent aqueous solution of ammonia which was 
cooled to —10°. The amide was filtered and dissolved in benzene. 
The solution was evaporated to dryness under reduced pressure 
and the process repeated until the amide was dry. Then 40 gm. 
of thionyl chloride were added and the solution was refluxed for 
45 minutes. The excess thionyl! chloride was distilled off at atmos- 
pheric pressure. The nitrile distilled at 71-73°, 14 mm.; yield, 
9 gm.; d;® = 0.811 (in vacuo); n® = 1.4131. 








| 
| 
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CsHisN. Calculated, C 76.74, H 12.08; found, C 76.69, H 12.13 
[a]? = —14.9°; [MJP = —18.6°; least maximum [MJp = —43.3° 
(homogeneous) 


Dezxtro-1-Amino-2-Methylheptane—12 gm. of 2-methylheptano- 
nitrile, [a]? = —9.37° (homogeneous), were dissolved in 50 ce, 
of methanol, and 0.3 gm. of Adams catalyst was added. This 
was shaken in hydrogen at a pressure of 45 pounds (3 atmospheres) 
at room temperature for 2 days. The catalyst was filtered, and 
hydrogen chloride in methanol was added to the filtrate. This 
was evaporated to dryness under reduced pressure, and taken up 
in 50 per cent sodium hydroxide. The amine was extracted with 
ether. The extract was dried with sodium hydroxide pellets. 
On distillation, the residue gave two fractions, the expected 
amine which was a liquid in a dry ice-acetone bath and a higher 
fraction which proved to be the secondary amine, which crystal- 
lized in the cooling bath. 


Fraction I—B.p. 105-106°, 113 mm.; weight, 5 gm.; np = 1.4258; dy = 
0.777 (in vacuo) 
CsHigN. Calculated, C 74.34, H 14.82; found, C 74.17, H 15.03 
lalp = +3.04°; [M]> = +3.93°; least maximum [M]p = +14.5 
(homogeneous) 
lalp = +2.0°; [M]J> = +3.3°; least maximum iMip 
(hydrochloride 2.9% in H,O) 
Fraction II—B.p. 90-100°, 1 mm.; weight, 3 gm.; ne = 1.4380; d, = 
0.795 (in vacuo) 
CisHgsN. Calculated, C 79.67, H 14.52; found, C 79.03, H 14.55 
lalp = +0.56°; (M]> = +1.35°; least maximum [M]> = +5.0° 
(homogeneous) 


" 


+12.2' 


5-Methyldecanonitrile—7 gm. of 1-bromo-4-methylnonane,® 
[a]?”> = +2.5° (homogeneous), i.e. 90 per cent of the maximal 
value,’ were added to a solution of 3 gm. of KCN in7 cc. of water 
and 30 ec. of absolute ethanol. The solution was refluxed for 48 
hours. The nitrile was isolated as usual. B.p. 106-110°, 11 
mm.; yield, 4 gm.; di’ = 0.8192 (in vacuo); n? = 1.4317. 

CyHyaN. Calculated, C 78.97, H 12.65; found, C 79.15, H 12.72 

fa]? = +1.46°; [M]2 = +2.44°; maximum [M]} = +2.71° (homogeneous) 

6 Levene, P. A., and Marker, R. E., J. Biol. Chem., 91, 77 (1931). 

7 Calculated from the value of [M]> = +6.2° as maximum (see foot- 


note 3). 
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1-Amino-5-Methyldecane—4 gm. of 5-methyldecanonitrile, 
[a]? = +1.46° (homogeneous), were reduced with hydrogen at 
atmospheric pressure with Raney catalyst in methanol. The 
amine was isolated as usual. It was found to be optically inactive, 
and its hydrochloride was also inactive. 

Levo-2-Ethyleaproyl Chloride—100 gm. of 2-ethyleaproic acid,*® 
(a]® = —3.54° (homogeneous), 7.e. 22 per cent of the maximal 
value, were added to 200 gm. of thionyl chloride. The solution 
was allowed to stand overnight at room temperature, and was 
then heated for 1 hour on a steam bath. The excess thionyl 
chloride was distilled at reduced pressure. The residue was then 
distilled. B.p. 62-64°, 10 mm.; yield, 108 gm.; n? = 1.4294; 
25 — 0.9414 (in vacuo). 


CsH,,OCl. Calculated, C 59.07, H 9.30; found, C 58.85, H 9.10 
la] = —1.63°; [MJ> = —2.65°; least maximum [M]J> = —12° 
(homogeneous) 


Levo-2-Ethylhexanonitrile (Ethylbutylacetonitrile)—100 gm. of 
2-ethyleaproyl chloride, [a]?> = —1.63° (homogeneous), were added 
dropwise to 500 ec. of saturated alcoholic ammonia cooled in an 
ice-alcohol bath. The precipitate was filtered and washed with 
benzene. The filtrate was concentrated to dryness, and then 
dissolved in benzene, and again evaporated to dryness under 
reduced pressure. The residue was dissolved in 250 gm. of thionyl 
chloride and heated for 1 hour on a steam bath. The insoluble 
part was filtered, and the filtrate was distilled at reduced (10 
mm.) pressure to remove the excess thionyl chloride (bath, 50°). 
The residue was then dissolved in ether and washed with water. 
The ether solution was dried with sodium sulfate. The nitrile 
was then distilled. B.p. 98-100°, 50 mm.; yield, 55 gm.; n® = 
1.4148; di> = 0.8057 (in vacuo). 

CsH,;5N. Calculated, C 76.74, H 12.08; found, C 76.92, H 12.05 


[a]> = —4.80°; [M]J> = —6.00°; least maximum [M]p = —27° 
(homogeneous) 


Levo-1-Amino-2-Ethylhexrane (Ethylbutylethylamine)*—23 gm. 
of 2-ethylhexanonitrile, [a] = —4.80° (homogeneous), were dis- 


§ Levene, P. A., Rothen, A., and Meyer, G. M., J. Biol. Chem., 116, 
401 (1936). 
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solved in methanol, Raney catalyst added, and the mixture shaken 
in an atmosphere of hydrogen for 16 hours. The catalyst was 
filtered off, and methyl alcoholic hydrogen chloride was added to 
the filtrate, which was then concentrated to dryness under reduced 
pressure. The crystals were taken up in 50 per cent sodium hy- 
droxide and the free amine was extracted with ether. The extract 
was dried with metallic sodium. 

The amine distilled at 98-99°, 90 mm.; n® = 1.4286; d?® = 
0.7844 (in vacuo). 


CsHisN. Calculated, C 74.34, H 14.82; found, C 74.20, H 14.71 


25 int 25 ~_ , 25 
la) se7s.0 = —0.52°; [M]se75.6 = —0.67°; least maximum [M] 575.6 = —3.1° 
(homogeneous) 
25 - 5 oe , 25 r 
la]ss7s.6 = —1.07°; [M]fsz5.6 = —1.77°; least maximum [M]j5575,.4 = —8.1° 


(hydrochloride 33% in H,O) 


Dextro-4-N onanol’—The inactive carbinol was prepared from 
n-amylmagnesium bromide and n-butyraldehyde in the usual 
manner. It was converted into the acid phthalic ester and this 
was neutralized with brucine in methyl isobutyl ketone. The 
salt was recrystallized nineteen times from methyl isobutyl] ketone. 
The crystals yielded a carbinol; b.p. 94-95°, 18 mm.; di’ = 0.8187 


(in vacuo); n® = 1.4275. 


CsH2»O. Calculated, C 74.93, H 13.98; found, C 74.85, H 14.08 
la]? = +0.57°; [M]> = +0.82° (homogeneous) 
la]> = +0.34°; [M]> = +0.49° (9% in ether) 


Levo-4-Iodononane—30 gm. of 4-nonanol, [a]®> = +0.57° 
(homogeneous), were treated with anhydrous hydrogen iodide as 
described for 2-iodooctane.'° Yield, 31 gm.; b.p. 98-99°, 12 mm.; 
di = 1.2834 (in vacuo); n= = 1.4872. 


CoHyeI. Calculated, C 42.53, H 7.54; found, C 42.72, H 7.26 
[a]> = —1.72°; [M]p = —4.37° (homogeneous) 


ab 


Levo-4-Azidononane—25 gm. of 4-iodononane, [a]? = —1.72° 
(homogeneous), were added to a solution of 12 gm. of sodium azide 
(Kahlbaum) in 30 ec. of water and 475 ce. of methanol. The 


* Levene, P. A., Rothen, A., and Kuna, M., J. Biol. Chem., 120, 777 


(1937). 
1° Levene, P. A., and Rothen, A., J. Biol. Chem., 116, 415 (1936). 
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resulting solution was placed in two pressure bottles and heated 
at 60° for 4 hours. The azide was isolated as usual.” Yield, 
13 gm.; b.p. 100°, 23 mm.; n2 = 1.4368; dj* = 0.85 (approxi- 
mately). 


CsHieNs. Calculated, C 63.86, H 11.31; found, C 63.77, H 11.21 
fa]? = —0.1°; [MJ> = —0.2° (homogeneous) 


Dextro-4-Aminononane-—12 gm. of 4-azidononane, [a]® = 
—().1° (homogeneous), were dissolved in 50 cc. of methanol and 
0.3 gm. of Adams catalyst was added. The mixture was shaken 
with hydrogen at a pressure of 3 atmospheres for 3 hours. The 
free amine was isolated as usual. Yield, 5 gm.; b.p. 113-114°, 
82 mm.; d;® = 0.7772 (in vacuo). 

CsHaN. Calculated, C 75.44, H 14.78; found, C 75.37, H 14.73 


laleigs = +0.52°; [MJi5., = +0.75° (homogeneous) 
la}?f » = —0.94°; [M)23,, = —1.69° (hydrochloride 19% in H,O) 



































ON CHONDROSIN 


By P. A. LEVENE* 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, February 20, 1941) 


Chondrosin, a nitrogenous aldobionic acid, is the carbohydrate 
moiety of chondroitinsulfurie acid. A polymer of N-acetylchon- 
droitinsulfurie acid constitutes the molecule of the latter. In 
1913 Levene and La Forge tentatively expressed the structural 
formula of the acid as a dimer.' In 1937 von Firth and Bruno 
advanced further evidence towards the dimeric structure of the 
molecule.2. Nevertheless, the question of the molecular size of 
the substance is in need of further study. The present author’s 
view on this subject has already been expressed by Tipson and 
Stiller.* 

The present day information on the structure of chondrosin is 
expressed by structural Formula I arrived at by Levene and La 
Forge in 1913. 

In this expression the cyclic structures of the two components 
are arbitrary, as is also the place of union of the two components. 
It was the aim of the present investigation to obtain the missing 
information. 

For the elucidation of the position of chondrosamine residue on 
that of glucuronic acid, it was necessary to eliminate the cyclic 
structure of the glucuronic acid moiety so that on exhaustive 
methylation with subsequent hydrolysis this fragment would con- 
tain a single free hydroxyl group which could be considered as the 
one uniting the two components of chondrosin. The chondrosin 


* Died September 6, 1940. 
' Levene, P. A., and La Forge, F. B., J. Biol. Chem., 16, 155 (1913). 
2 von Fiirth, O., and Bruno, T., Biochem. Z., 294, 153 (1937). 
* Tipson, R. S., and Stiller, E., in Harrow, B., and Sherwin, C. P., 
Textbook of biochemistry, Philadelphia, 105 (1935). 
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was therefore reduced to /-gulonochondrosaminide. However, 
inasmuch as chondrosin could not be obtained in crystalline form- 
and therefore there was no absolute certainty of its purity —efforts 
were directed towards the preparation of a crystalline derivative, 
Such a derivative was found in the chondrosin methy] ester hydro- 
chloride (II) which served as starting material for further study. 
The methyl! chondrosaminido-/-gulonate (I11) could not be crystal- 
lized, but its octaacetate (IV) was obtained in crystalline form. 
The yield of the crystalline acetate never exceeded 45 per cent of 
the theory and the average yield was about 40 per cent. This 
acetate was methylated by the methyl sulfate method, yielding a 
not completely methylated derivative of N-acetylchondros- 
aminidogulonic acid which was esterified and exhaustively methyl- 
ated by the Purdie method. The product (VI) was obtained in 
crystalline form, although again the yield was not large. For 
further work it was considered advantageous to convert the 
methylated gulonie acid residue into the corresponding sorbitol 
for the reason that partially methylated gulonic acid derivatives 
are not known, whereas partially methylated sorbitols are either 
known or quite accessible. Product VI was therefore reduced 
catalytically to the N-acetyltrimethylchondrosaminide of tetra- 
O-methylsorbitol (VII) which also was obtained in crystalline 
form. 

The individual steps are summarized in Formulas I to VII. 

Although it was considered advantageous to prepare the sorbitol 
derivative for the purpose of elucidating the place of union of the 
two components of chondrosin, yet it was realized that when the 
task was to isolate the methylated chondrosamine moiety the 
completely methylated chondrosin would offer advantages inas- 
much as it might permit the separation of the two components 
obtained on hydrolysis, advantage being taken of the acid proper- 
ties of the glucuronic acid derivative. 

Again the crystalline ester hydrochloride of chondrosin served 
as starting material. The acetate derived from it was in part 
crystalline, in part amorphous. It was found, however, that both 
fractions on methylation gave practically the same exhaustively 
methylated product which, however, was not obtained in crystal- 
line form. The set of reactions leading to the methyl ester of 
N-acetylhexamethylchondrosin (XI) is given in Formulas VIII 
to XI. 
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The most favorable conditions for the hydrolysis of either the 
methylated sorbitol or the methylated glucuronic acid derivatives 
have not yet been found. 


EXPERIMENTAL‘ 


Preparation of Chondrotitinsulfuric Acid—For the preparation 
of larger quantities of the material required for this investigation, 
the procedure earlier developed in this laboratory was followed. 
The crude material was obtained as the lead salt. The wet salt 
was heated on a water bath and glacial acetic acid was added 
until complete solution occurred. The mixture was then cooled 
and more glacial acetic acid was added; this reprecipitated the 
salt. The operation was repeated as long as the lead salt could 
be redissolved in glacial acetic acid; as its purity increased the 
salt became more difficult to redissolve. When redissolution could 
not be repeated, the salt was washed in glacial acetic acid until 
the washings became colorless. The lead salt was then washed 
with alcohol until all adhering acetic acid was removed. The 
lead salt was converted into the barium salt as previously de- 
scribed. After three precipitations, the barium salt can be used 
for the preparation of chondrosin. When purer material is de- 
sired, the barium salt is dissolved in a minimum volume of a hot 
50 per cent solution of BaCl,-2H,O and precipitated with an 
equal volume of 95 per cent alcohol. The product is redissolved 
in water and reprecipitated with an equal volume of alcohol until 
an aqueous solution of the barium salt is free from chlorine ions. 


CosHagO29N28:Baz. Calculated. C 27.86, H 3.32, N 2.32, S 5.31, Ba 22.76 
Found. "Ri, * 6a,” 2, €% ~ Be 


Chondrosin Hydrochloride (1)—The earlier procedure for the 
preparation of this substance was slightly modified. 50 gm. lots 
of the barium salt were taken up in 150 cc. of 10 per cent hydro- 
chloric acid and heated on the boiling water bath for 1 hour. The 
traces of barium ions remaining in the filtrate from the barium 
sulfate were removed quantitatively and the filtrate concentrated 
below 40° under reduced pressure to a very thick syrup. The 


‘ I wish to acknowledge the assistance of Joseph Lender who for the past 
25 years has been my laboratory technician. Without his skill and devotion 
much of this work would not have been accomplished. 
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residue was dissolved in a small volume of methanol. Ethanol 
(99.5 per cent) was then added until no more precipitate formed 
and precipitation was completed by adding about 1200 ce. of dry 
ether. The precipitate was redissolved in methanol and repre- 
cipitated with ethanol and ether. 

Chondrosin Methyl Ester Hydrochloride (II) and (VIII)—10 gm. 
of chondrosin hydrochloride were heated under a reflux in a 1 
per cent solution of HCl in a mixture of 1 part methanol and 4 
parts ethanol. The suspended chondrosin hydrochloride was 
completely dissolved after the first 2 or 3 hours. At the end of 
the 24 hours, the solution was concentrated under diminished 
pressure (generally to 30 to 50 cc.) until a white gelatinous pre- 
cipitate began toform. This precipitate was redissolved by warm- 
ing and the solution allowed to stand in the cold until the product 
had separated as long curved needles; these were recrystallized 
from a small amount of 99.5 per cent ethanol at 35°, when large 
balls of fine needles formed. The product had an [a]? = +39.2° 
(7.1 per cent in methanol). 

When specially purified chondrosin was used for esterification, 
the ester hydrochloride separated as long needles in feather form 
aggregates. For recrystallization it was dissolved in a minimum 
of boiling methanol, ether was added dropwise, and the mixture 
allowed to stand. The product then crystallized in elongated 
platelets; m.p. 165-170° (polarizing microscope). 


’ 


Cy3sH»O),;NCI. Calculated. C 38.48, H 5.96, N 3.45, Cl 8.74, OCH; 7.65 
Found. “¢ 38.6, “* 6.25, * 3.45, “* 8.53, “ 7.76 


Methyl d-Chondrosaminido-l-Gulonate (IIIT)—10 gm. lots of the 
chondrosin methyl ester hydrochloride in 150 cc. of methanol were 
reduced over Raney catalyst in an atmosphere of hydrogen by 
heating for 48 hours at 75° under an initial pressure of 2500 and 
final pressure of 3600 pounds per sq. inch. The catalyst was re- 
moved by centrifugation and the filtrate was concentrated to dry- 
ness under reduced pressure. The residue was further dehydrated 
by taking it up first in ethanol and subsequently in benzene and 
by removing the solvent by distillation under reduced pressure. 
The operation was repeated several times. Only material showing 
a negligible reduction of Fehling’s solution was employed. The 
yield from 10.0 gm. was from 8 to 9 gm. The material did not 
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crystallize. It is soluble in water and methanol and in no other 
organic solvent to an appreciable degree. It was used for acetyla- 
tion without further purification or analysis inasmuch as only the 
crystalline acetate was used for further work. 

Heptaacetate of Methyl d-N-Acetylchondrosaminido-l-Gulonate 
(JV)—A mixture of 5 parts of dry pyridine and 5 of acetic anhy- 
dride was cooled to —40°, and introduced into the flask containing 
1 part of the material (II]) to be acetyiated. After occasional 
shaking the mixture was allowed to stand overnight. The reaction 
product was treated in the usual way. ‘The chloroform extract 
was concentrated under reduced pressure. It was then dehydrated 
by dissolving the residue in ethanol and benzene and evaporating 
the solution to dryness under reduced pressure, the operation being 
repeated several times. The final residue was taken up in a mini- 
mum of methanol; dry ether was added in small portions until, 
on scratching, crystals began to settle out. Crystallization was 
allowed to continue overnight. The mother liquor was again 
dehydrated and again taken up in ethanol and ether and often a 
second crop of crystals was obtained. The yield from 8 gm. of 
reduced material was 4 to 6 gm. of colorless prismatic needles; 


m.p. 122°. 


CopHyOigN 
Calculated. C 49.22, H 5.84, N 1.98, OCH; 4.39, COCHs 48.66 
Found. “49.2, * §.94, “ 2.07, = 4.11, = 48.6 


[a]p = —21.3° (3.2% in absolute ethanol) 


Heptamethyl Ether of Methyl d-N-Acetylchondrosaminido-l-Gu- 
lonate (VI)—To 5 gm. of the crystalline acetate (LV) dissolved in 
30 cc. of methanol in the methylating flask,’ 60 cc. of carbon tetra- 
chloride, 50 cc. of methyl sulfate, and 10 ec. of water were added. 
The whole was emulsified by vigorous stirring, and 50 cc. of 42.2 
per cent sodium hydroxide were added at the rate of a drop a 
second, The stirring was continued half an hour, with the bath at 
50°. The temperature of the bath was then raised to 60°; 50 
cc. of methyl sulfate were added rapidly, and 50 ec. of alkali at the 
rate of 2 drops per second. ‘This was repeated until in all 350 ce. 
of methyl sulfate and 400 cc. of the alkali had been added. The 


5 Levene, P. A., and Kuna, M., J. Biol. Chem., 127, 49 (1939). 
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entire operation lasted 3.5 to 4 hours. The temperature of the 
bath was then raised to 75° and stirring was continued for an 
additional 3 hours. The reaction product was cooled, neutralized 
to initial bluing of Congo paper, and extracted with chloroform. 
The dry extract was concentrated, dissolved in benzene, and again 
concentrated. The operation was repeated several times and 
finally several times in a similar manner with ether. The yield 
from 5.0 gm. was about 2.0 gm. The product (V) was not fully 
methylated. Approximately 20 gm. of such material were esteri- 
fied by means of diazomethane and further methylated by the 
Purdie method, drierite being added with the silver oxide. After 
two methylations, the methoxyl content was 45.8 per cent. The 
methylation was repeated. When the reaction product was finally 
concentrated from a benzene solution, it crystallized in the dis- 
tilling flask. It was allowed to stand in the refrigerator for séveral 
days and finally the crystalline mass was separated from the 
mother liquors by triturating with a cooled solution of ether and 
pentane. The amorphous material, which constituted the major 
part of the reaction product, contained 47.9 per cent of methoxy] 
(theory 48.5 per cent). The crystalline material was recrystallized 
by dissolving in a minimum of ether and adding pentane; m.p. 
67° (polarizing microscope). 


CyHyOuN 
Calculated. C 51.65, H 8.08, N 2.74, COCH; 8.41, OCH, 48.53 
Found. ** 51.6, ‘* 8.00, “‘ 2.83, o 8.32, ‘“ 48.9 


[als = —4.8° (15% in ethanol) 


N-Acetyltrimethylchondrosaminidotetramethylsorbitol (VII) — A 
mixture of 3.5 gm. of the foregoing compound (VI) in 100 ec. of 
methanol and 10 gm. of specially prepared copper chromite cata- 
lyst was heated for 7 hours at a temperature of 175° and initial 
pressure of 2800 pounds per sq. inch. The catalyst remained per- 
feetly black. The water-clear filtrate from the catalyst was con- 
centrated nearly to dryness. The residue was dissolved in ben- 
zene and concentrated to dryness. This operation was repeated 
several times. Finally, the product was concentrated to dryness 
from its solution in ether. After the last operation had been 
repeated several times, a crystalline mass formed in the distilling 
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flask. It was recrystallized from a minimum portion of ether by 
adding pentane, and finally from a minimum of benzene by addi- 
tion of pentane. Platelets; m.p. 55-57° (polarizing microscope), 


CuH,gOuN 
Calculated. C 52.16, H 8.55, N 2.90, COCH; 8.90, OCH; 44.9 
Found. “oe *Ca-ae” "CO [CCS 


lalp = —44.2° (2.5% in CHCI,) 


Heptaacetylchondrosin Methyl Ester (IX)—20 ce. of acetic 
anhydride containing 2 gm. of sodium acetate were heated to boil- 
ing in a small flask provided with a reflux condenser. The flask 
was then removed from the flame and 3.0 gm. of chondrosin methy] 
ester hydrochloride were added. A lively spontaneous reaction 
followed. The material was refluxed for 6 minutes, then poured 
on ice, and extracted with chloroform. The chloroform extract 
was evaporated to a small volume. Toluene was then added and 
distillation continued until a crystalline deposit formed. This 
was removed by filtration and the mother liquor was concen- 
trated to dryness. The residue was then dissolved successively 
in toluene, in benzene, and then in a solution of benzene and ether 
and finally concentrated toadry foam. This material on standing 
in the cold in ethereal solution gave a second crop of the crystal- 
line material. The combined yield from 15 gm. of chondrosin ester 
hydrochloride was 8 gm. of the crystalline antl 16.0 gm. of the 
amorphous material. 

The crystalline material on recrystallization from 99.5 per cent 
ethanol formed long prismatic needles melting at 100°. After 
two additional recrystallizations, the crystals softened at 98° and 
melted at 99-100°. 


Co7Hs70isN 
Calculated. C 48.87, H 5.62, N 2.11, COCH; 45.41, OCH; 4.68 
Found. ** 48.8, “* 5.67, ‘* 2.08, “e 46.2, ca 


la]Jb = +12.2° (7.3% in CHCI;) 


N-Acetylhexamethylchondrosin Methyl Ester (XI)—As the crys- 
talline acetate (IX) offered no advantages over the amorphous 
product, the mixed material was used for methylation. 

To 12.0 gm. of the acetate in 25 cc. of methanol and 15 ce. of 
water, 75 cc. of methyl sulfate were added. The mixture was 
vigorously stirred, and 100 cc. of 42.2 per cent sodium hydroxide 
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were then added at the rate of 1 drop in 3 seconds, the temperature 
of the bath being maintained at 45°. This operation lasted 3.5 
hours, at the end of which time the solution gave a barely per- 
ceptible reduction test on boiling with Fehling’s solution. Stirring 
at the same temperature was continued for another half hour. 
The temperature of the bath was then raised to 75°, and 175 ce. 
of methyl sulfate and 250 cc. of alkali were gradually added. The 
alkali was added at the rate of at first 1 and later 2 drops per 
second. The rate of addition of the methyl] sulfate was such that 
it was complete before all the alkali had been added. Stirring 
was then continued for 40 minutes. Finally, the bath was brought 
to 100° and stirring was continued for 20 minutes. The yield was 
4.0 gm. 

This material (X) was dissolved in ether and treated with diazo- 
methane in the usual way. The solution was concentrated to 
dryness from benzene and again from anhydrous ether. The 
residue was taken up in ether and precipitated by pentane. After 
two methylations by Purdie’s method, the substance contained 
42.3 per cent methoxyl. After two additional methylations, the 
product (OCHs, 42.2 per cent) was dissolved in ether, and pentane 
was added to opalescence. On standing overnight at about —5°, 
a small quantity of oily material settled out. The supernatant 
liquid was concentrated to a thick syrup. n? = 1.4702. 


Cyn H37OuN 
Calculated. C 50.90, H 7.53, N 2.83, COCH, 8.69, OCH; 43.84 
Found. “ 50.7, “ 7.75,‘ 2.79, “ 8.64, “ 43.9 
la]? = —5.2° (6.9% in CHCI,) 
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In the first publication on this subject from this laboratory,' 
it was stated that the study was a continuation of the work of 
Fraenkel and Jellinek and was undertaken at the personal sug- 
gestion of Professor Fraenkel. Our experiments at the time im- 
proved the method of preparation of the substance and led to the 
conclusion that the unit of the polysaccharide was a trisaccharide. 
Since then several publications have appeared dealing with the 
subject, some confirming and others criticizing our results. Yet 
there is no evidence that any of the later workers were dealing 
with purer substances than that prepared by Levene and Mori.! 
The necessity of having a pure substance for the study of the de- 
tails of its structure is self-evident, particularly when the sub- 
stance has the properties of a nitrogenous polysaccharide. The 
difficulties one encounters in using an impure substance are well 
demonstrated by the recent experience of Stacey and Woolley.? 
The improvement introduced by us was not only in the use of 
mercuric sulfate, as stated by Neuberger,’ but also in the following 
three steps: first, more exhaustive hydrolysis, for we have found that 
on short hydrolysis some peptides still remain attached to the 
carbohydrate and the nitrogen content of such materials cannot be 
reduced below 4.5 to 5 per cent. The second very important step 
is the method of decomposition of the lead salts. Only a small part 
of the lead salts is carbohydrates; most of the other substances 


* Died September 6, 1940. 
1 Levene, P. A., and Mori, T., J. Biol. Chem., 84, 49 (1929). 
* Stacey, M., and Woolley, J. M., J. Chem. Soc., 184 (1940). 
* Neuberger, A., Biochem. J., 32, 1435 (1938). 
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entering into the basic lead acetate fraction have a higher acid 
dissociation constant than the carbohydrates. Therefore, that 
part of the lead precipitate should be utilized which is decomposed 
by carbon dioxide. This procedure was introduced by Levene and 
La Forge in 1913. The final step consists in removing the adhering 
amino acids by means of mercuric sulfate. 

In 1938 the study of the structure of the polysaccharide was 
resumed and a quantity of a perfectly white amorphous powder 
having a nitrogen content of 2.78 per cent and a rotation of [a]®” = 
+35° (in 5 per cent HCl) was prepared. 

Two ways were considered for the study of the details of the 
structure of the polysaccharide. One was direct methylation of 
the polysaccharide; the other was the preparation of a disaccharide 
from the polysaccharide with the object of reducing the terminal 
carbonyl group. The hydrolysis of the reduced product should 
yield only one sugar, the second component being a hexitol. The 
nature of the former should then indicate the order of union of the 
two components. If the trisaccharide should be readily cleaved 
into a disaccharide, it would be admissible to assume that the two 
mannoses are linked to each other and that the glucosamine oc- 
cupies a termina! position. 

Both methods were given a trial. The polysaccharide (N = 
2.78 per cent, ash = 0.3 per cent) was acetylated and then methyl- 
ated by the methyl sulfate method and subsequently remethylated 
three times by Purdie’s method. A substance was obtained which 
seemed analytically better than that described recently by Stacey 
and Woolley.? 


Theory for a methylated trisaccharide: 

C 52.5, H 8.1, N 2.0, OCH; 45.2, COCH; 6.3 

? iT oo, ab... ae = 9.7 (Stacey and Woolley) 
"a. “ 39.6, = 4.9 (Levene) 


As the polysaccharide apparently suffered partial oxidation, work 
was concentrated on the preparation of di and trisaccharides and a 
substance having the composition of a disaccharide was obtained. 
Its N value was 4 per cent and the reducing power 50 per cent cal- 
culated as glucose. The end-group of this substance was reduced 
by means of Raney catalyst. The product obtained in this man- 
ner no longer showed a perceptible reduction of Fehling’s solution. 

The substance was converted into the acetyl derivative which 
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was then hydrolyzed. On hydrolysis of this substance, glu- 
cosamine hydrochloride was obtained in a yield comparable to that 
from the disaccharide. 

This observation would then indicate that the reduced substance 
is mannitolglucosaminide and that the parent disaccharide is 
d-mannoseglucosaminide. When 0.5 gm. of the parent disaccha- 
ride and 0.5 gm. of the reduced product respectively were hy- 
drolyzed with 4 per cent hydrochloric acid, the first yielded 0.240 
gm. of mannosephenylhydrazone, whereas the second yielded 
none. It was therefore quite obvious that the second contained 
no mannose, for whereas the solution of the first product was deeply 
colored, the second remained practically colorless. Thus it seems 
quite conclusive that in the disaccharide, the glucosamine residue 
is bound glycosidically to mannose. The exhaustive methylation 
of the mannitolglucosaminide with subsequent hydrolysis should 
then elucidate the place of linkage of the glucosamine residue to 
the mannose. 

There is another point in connection with the structure of the 
carbohydrate group of egg proteins; namely, the presence of galac- 
tose in its molecule. Sdérensen‘ on the basis of colorimetric ob- 
servation arrived at the conclusion that the carbohydrate con- 
tained a galactose residue. The attempts to obtain mucic acid 
from the products of oxidation of the hydrolysate of the poly- 
saccharide were all negative. In this respect the observations of 
Neuberger, of Hewitt, and the more recent work of Gurin and 
Hood’ are in harmony with those described here. 


EXPERIMENTAL 


The carbohydrate was prepared by the previously described 
procedure. The carbohydrate was a perfectly white powder 
soluble in water, acids, or alkalies but insoluble in organic solvents. 
It showed no biuret test and gave a barely colored aqueous 
solution. The composition of the substance was the following, 
calculated on an ash-free basis. 


(CisHssOi1sN )on-nHo. Calculated. C 43.8, H 6.5, N 2.8 
Found. ** 43.4, * 7.0, “ 2.8 
la]p = +35° (4% in 5% aqueous HCl) 





‘Sérensen, M., Biochem. Z., 269, 271 (1934). 
5 Gurin, 8., and Hood, D. B., J. Biol. Chem., 181, 211 (1939). 
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Disaccharide—5.0 gm. of the polysaccharide were dissolved in 
50 ec. of 10 N hydrochloric acid and allowed to stand at room tem- 
perature of about 27° for 40 hours. The solution was then diluted 
to 500 cc. and the Cl ions removed by means of silver acetate. The 
excess of silver was removed by means of hydrogen sulfide and the 
filtrate concentrated to dryness. The residue was taken up re- 
peatedly in anhydrous alcohol which was removed by distillation, 
The final residue was extracted with boiling anhydrous methanol, 
2.0 gm. remained insoluble. The mother liquor of this was again 
concentrated and on second extraction gave a residue of 0.2. gm. 
Out of the mother liquor by precipitation with ether a third de- 
posit formed. 

The 2 gm. fraction was analyzed. 


Ci2HasOieN. Calculated. N 4:1, reduction 50% (as glucose) 
Found on ash-free basis. ‘‘ 4.3, ws 47% “ . 


Reduction with Raney Nickel Catalyst—8.0 gm. of the disac- 
charide were dissolved in 100 cc. of water. 20.0 gm. of Raney 
catalyst were added and the mixture was heated for 24 hours under 
an initial pressure of H, of 1600 pounds per sq. inch at 75°, filtered, 
concentrated nearly to dryness, and taken up in methanol. A 
granular precipitate formed which remained white on careful dry- 
ing. The substance was taken up in a minimum of water and 
reprecipitated with anhydrous alcohol. The substance did not 
reduce Fehling’s solution. It still contained 10 per cent of mineral 
impurity. 

CyHsOi10N. Calculated, N 4.1; found (ash-free), N 4.1 


Acetylation of Mannitolchondrosaminide and Hydrolysis—The 
object of acetylation was to make available for hydrolysis a sample 
of the reduced material free of mineral impurities. 2 gm. of the 
substance were acetylated with acetic anhydride and fused sodium 
acetate. The reaction product was extracted with chloroform and 
the solution washed carefully with water. The chloroform extract 
was concentrated. The residue was dissolved in benzene and the 
solution concentrated. The operation was repeated until all 
acetic anhydride and acetic acid were removed. The residue was 
then taken up in ether and the solution was concentrated. The 
operation was repeated. The final product which had the con- 
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sistency of a thick syrup was not homogeneous but was satisfactory 
for the present purpose. 


CosHssOisN. Calculated. C 49.6, H 5.80, N 2.06, COCH; 50.8 
Found. “* 45.7, “ 5.82,“ 2.28, “ 44.0 


Hydrolysis of the Acetate for Glucosamine—2.0 gm. of the above 
acetate were hydrolyzed by refluxing over a free flame for 6 hours 
in 25 cc. of 20 per cent hydrochloric acid. The reaction product 
was diluted to 200 cc. and then concentrated to dryness under re- 
duced pressure at room temperature. As it did not crystallize, 
the residue was again taken up in 50 ce. of 20 per cent hydrochloric 
acid and again refluxed over a free flame for 6 hours. The residue 
on recrystallization from methanol gave 0.054 gm. of glucosamine 
hydrochloride which was pure after one recrystallization. 


CsHyWOsNCl. Calculated, C 33.3, H 6.5; found, C 33.1, H 6.6 


Hydrolysis for Mannose—0.5 gm. of the reduced disaccharide 
was refluxed on a water bath in 50 cc. of 4 per cent hydrochloric 
acid for 3.5 hours. The solution remained practically colorless. 
The hydrolysate was neutralized and concentrated under reduced 
pressure to 6 ce. 0.5 gm. of phenylhydrazine hydrochloride was 
added. On long standing, oily droplets settled out. The residue 
was filtered off and was taken up in a minimum of 50 per cent 
alcohol. A few crystals were seen in the flask, but not enough to 
weigh. 

Control—0.5 gm. of the original disaccharide was hydrolyzed as 
above. The hydrolysate was brownish in color with a small dark 
flocculent precipitate which was removed by filtration. The fil- 
trate treated as above yielded 0.240 gm. of phenylhydrazone of 
mannose. On recrystallization from 50 per cent alcohol it was 
purely crystalline without amorphous droplets. 

Hydrolysis and Oxidation for Mucic Acid—In an earlier experi- 
ment (1938-39), 1.0 gm. of the polysaccharide was dissolved in 20 
ec. of 5 per cent nitric acid and heated in a sealed tube at 100° over- 
night. The following morning the tube was opened. The solu- 
tion to which 20 ce. of nitric acid, specific gravity 1.42, were 
added was allowed to stand overnight. It was then heated over a 
free flame for 5 minutes and then concentrated nearly to dryness 
on a watch-glass. The residue was redissolved in a small portion 
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of nitric acid and reconcentrated. The operation was repeated 
until the residue acquired a brittle character. The excess of nitric 
acid was removed by repeatedly dissolving the residue in water 
and concentrating the solution to dryness. The residue was dis- 
solved in a minimum of water and allowed to stand in the cold. 
Mucic acid did not form. By such manipulation 0.200 gm. of 
galactose yielded 0.100 gm. of mucic acid. A mixture of 0.200 
gm. of pure galactose and 0.200 gm. of glucosaminic acid gave 0.110 
gm. of mucic acid, and a mixture of 0.200 gm. of galactose, 0.200 gm, 
of mannose, and 0.200 gm. of chondrosaminic acid gave 0.091 gm. 
of mucic acid, thus showing that the contamination with other 
dicarboxylic sugar acids does not affect the precipitation of mucic 
acid. 

After the publication of the paper of Stacey and Woolley, experi- 
ments were performed accurately according to their directions but 
no formation of mucic acid was observed. 
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In vitro studies of the effect of lead acetate on oxygen uptake 
of liver slices have led to contradictory results. Jowett and 
Brooks (1) found 20 per cent acceleration, while Dolowitz, Fazekas, 
and Himwich (2) found 79.3 per cent inhibition. The sugges- 
tion is made by these latter workers that possibly this striking 
inhibition of tissue enzymes is part of the mechanism of lead 
poisoning in animals. 

In work soon to be published we have studied the oxygen up- 
take of rat livers from lead-poisoned animals and find very little 
change from the normal. 

In view of this contradiction of the results of in vitro work we 
have repeated these experiments and present our results in this 


paper. 
EXPERIMENTAL 


Oxygen uptake measurements were made with Warburg manom- 
eters according to the accepted methods described by Dixon (8). 
The flasks contained 2.0 cc. of suspending fluid, 0.4 cc. of 20 per 
cent potassium hydroxide with papers, and an atmosphere of oxy- 
gen. The average oxygen uptake for the hour was found graph- 
ically by plotting the corrected manometer readings for six 10 
minute intervals. 


1 The figure given was 50 per cent but from the data it is obvious that an 
error in calculation had been made. The average of three controls was 
237 c.mm. of O, per hour and the average of three samples with lead 49. 
(237 — 49) X 100 
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Two methods of exposure of tissues to lead acetate were used: 
(1) the direct, in which lead acetate was added to the suspending 
fluid of the flask, and (2) the indirect, in which the tissues were 
first immersed in lead acetate solutions and then transferred to 
the flasks containing Ringer-phosphate solution. 

Direct Method—This is the method used by both groups of 
workers mentioned. Jowett and Brooks used Locke’s solution at 
pH 7.0 to which lead acetate was added so that the final concentra- 
tion was 0.001 m, 0.0005 m, and 0.00025 m. No mention was 
made of the pH after the addition of lead acetate or of the forma- 
tion of insoluble lead salts. We would expect the precipitation 
of lead hydroxide at pH 7.0 and a reduction of pH. Dolowitz, 
Fazekas, and Himwich used Ringer-phosphate solution and added 
0.33 per cent lead acetate solution. Each respiration flask con- 
tained 5.0 mg. of lead and 100 mg. of tissue. Most of the lead 
was precipitated as phosphate and chloride. The pH of the sus- 
pensions was not given but our experience would indicate that 
the final pH of such mixtures would be about 5.0. 

We have used three sets of solutions in this direct method. 
Table I shows the results obtained. Solutions A and B are iden- 
tical except that Solution B contains enough acetic acid to lower 
the pH from 7.1 to 5.1. There is no lead in either solution and 
the 78.8 per cent reduction in Qo, is due to the acid. This experi- 
ment emphasizes the importance of pH control. 

Solutions C and D are similar to Solutions A and B with respect 
to pH but the lower pH of Solution D is due to hydrolysis of the 
lead acetate added. It will be noted that Solution D showed a 
57.3 per cent inhibition of Qo, but in view of the previous experi- 
ment this inhibition cannot be attributed entirely to the lead ac- 
etate but rather in part at least to the difference in acidity. 

Solutions E, F, and G contain phosphate and Solutions F and 
G contain lead acetate in addition. These latter two solutions 
are essentially suspensions of lead phosphate at pH 4.1 and 7.4 
respectively. It will be observed that the inhibition found in 
Solution F is entirely missing in Solution G. Moreover Solution G 
shows a slight acceleration in oxygen uptake over Solution E. 
If we may assume that the solutions used by Dolowitz and co- 
workers were similar to our Solutions E and F, their results are 
confirmed. We must disagree with them, however, in their in- 
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terpretations. The inhibition in this case must have been due to 
the acid factor and not to the lead. 

If the acceleration of oxygen uptake in Solution G is significant, 
then the results of Jowett and Brooks are confirmed. The amount 
of unprecipitated lead in Solution G must be very much less than 
the amount of lead in their solutions, since there is an excess of 
phosphate in our solutions. It is altogether probable that the 
slight acceleration observed by Jowett and Brooks and by us is 


























TaBie I 
Effect of pH and Lead Acetate on Oxygen Uptake of Rat Liver Slices by Direct 
Method 
Solution 
Concentration 
A B Cc D E F G 
u per l.| ce. | cc. | ce. ce. ce ce. ce, 
0.15 | Sodium chloride 100 (100 |100 100 100 100 100 
0.15 | Potassium chloride Siw 2 2 2 2 2 
0.15 | Calcium chloride 2 2 2 2 2 2 2 
0.56 | Glucose 2 2 2 2 2 2 2 
0.15 | Disodium phosphate 0 0 0 0 10 10 10 
0.15 | Sodium acetate 4 4 4 0 4 0 0 
0.36 | Lead acetate 0 0 0 4 0 4 4 
0.10 | Acetic acid 0 l 0 0 0 0 0 
0.77 | Sodium hydroxide 0 0 0 0 0.5) O 2.1 
pH | 7.1] 5.1] 7.2) 5.4 7.4) 4.3) 7.4 
Qo, average* | 9.9) 2.1) 8.9 3.8 10.8} 2.5) 12.2 
Inhibition, % 78.8 57.3) | 77.0\—13.0 





* The Qo, values in Solutions A, B, C, and D are averages of six slices 
each, while those in Solutions E, F, and G are averages of twelve slices each. 


not due to the lead but to some other difference in the solutions. 
These data are too meager for any definite conclusions on this 
point. 

From these experiments we may draw the conclusion that this 
technique is limited by the peculiarities of lead salts. If one tries 
to control the lead ion concentration, the pH becomes too low for 
measuring oxygen uptake, and if one controls the pH, the lead 
concentration decreases to levels at which no effect is produced. 
It is highly probable that the results for liver reported by Dolowitz, 
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Fazekas, and Himwich are due to differences in pH between the 
lead solution and the control and that lead either has no effect 
on oxygen uptake or that lead increases the Qo, of liver as Jowett 
and Brooks found. 

In order to eliminate the difficulty of precipitation of lead as 
hydroxide or as phosphate in the suspending fluids we introduced 
sodium citrate into Ringer’s solution instead of phosphate. 

The reaction between lead salts and sodium citrate is interesting. 
If lead acetate is added to citric acid solutions, a heavy white 
precipitate of lead citrate is formed, Pbs(CsHsO7)2-H2O (4). If 
sodium hydroxide is now added, the precipitate dissolves and a 


TaBe II 
Effect of Soluble Lead Citrate Complex on Qo, 











Concentration | Solution A | Solution B 
Mm perl | | ce. | ce. 
0.15 | Sodium chloride | 94 94 
0.15 Potassium chloride 2 2 
0.15 Calcium chloride | 2 2 
0.56 | Glucose 2 2 
0.15 Sodium citrate 10 10 
0.10 Lead acetate | 6 0 
0.20 | Sodium acetate 0 | 6 
0.7 | ~ hydroxide | 0.5 0 
ea ee eee a ee 1 67.80 «| (7.80 
OS eee eee i #2 > RE 
No. of slices of rat liver .............0.....0:. 87 | 77 











clear solution is obtained. The reactions appear to be similar to 
those occurring in mixed Fehling’s solution. 

The advantage of using such mixtures of citrate and lead ace- 
tate is that the tissues may be exposed to a soluble and presumably 
diffusible compound of lead at pH levels compatible with normal 
oxygen utilization. It is uncertain whether the lead is physio- 
logically active when combined with citrate in this soluble form, 
since many of the ordinary precipitation reactions of lead salts 
are absent. However, phosphate produces an immediate precip- 
itation of lead phosphate from the complex and this we have con- 
sidered evidence for at least partial availability of the lead. 
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Tabie II and Fig. 1 show the results obtained. The mean Qo, 
for slices in lead citrate mixtures is 9.4 and for the controls 10.1. 
Statistical analysis? of the data shows a critical index of 4.64 
which is considered adequate to prove that the difference found 
is significant. 

Indirect Method—Because of the insolubility of lead hydroxide 
and lead phosphate and the uncertainty regarding the availability 
of lead when combined with citrate in the soluble complex the 
direct methods are unsuited to measurement of oxygen uptake. 
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Fig. 1. Frequency distribution of Qo, with and without lead acetate in 
Ringer-citrate solution. 


Better control of the various factors is obtained by first im- 
mersing the slices in Ringer’s solution containing lead acetate and 
then transferring them to Ringer-phosphate in the Warburg flasks. 
30 minutes exposure to lead was arbitrarily chosen as sufficient. 
The lead solutions are acid, owing to hydrolysis, and we must 
therefore prepare a control mixture of the same acidity but lacking 
lead. Under the conditions chosen the acid injury was about 90 
per cent reversible and we have corrected the lead inhibitions 


2? We wish to thank Dr. C. A. Hammond of this division for assistance 
in these calculations. 
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accordingly. Table III shows the averages obtained with five 
different livers all giving similar values. 

The net inhibition 1.8 per cent obtained with 0.001 M lead ace- 
tate is probably not significant but that obtained with 0.002 m, 
13.8 per cent, shows definitely that lead inhibits oxygen uptake 
under the conditions chosen. 

That such conditions prevail in the intact animal is not probable. 
At physiological pH, 7.4, lead is probably present as insoluble lead 
phosphate (5). 














TaBLe III 
Effect of Previous Immersion in Lead Acetate on Qo, Determined in Ringer- 
Phosphate 
Solution 
Concentration ——<—$—_— — - - 
A | B Cc D 
a | tei  * = | ee oe 
| Ringer’s solution 100 100 100 100 
0.15 | Disodium phosphate 10 0 0 10 
0.10 | Lead acetate = | 4 2 0 
Acetic acid, glacial 0 0 | 0 1 
pH ae 7.4 5.3 5.3 | 5.3 
Qo,, average of 15 slices 8.7 | 7.6 6.6 7.8 
Inhibition, %......... 12.0 | 24.0 | 10.2 
Corrected for control Solution D 1.8 | 13.8 





SUMMARY 


1. Oxygen uptake of rat liver slices has been determined by the 
Warburg method in the presence of lead acetate and after previous 
immersion of the slices in lead acetate solutions. 

2. The former procedure is found to be unsuitable, owing to the 
precipitation of insoluble lead salts and to acid produced by hy- 
drolysis. 

3. The Qo, appears to be slightly accelerated when liver is shaken 
in lead phosphate suspensions at pH 7.4 but it is doubtful whether 
this can be attributed to the action of lead ions on tissue enzymes. 

4. In the presence of soluble lead citrate complex at pH 7.30, 
the Qo, is slightly decreased. The activity of lead ion in these 
solutions is not known but it is probably higher than that in lead 
phosphate suspensions which contain an excess of phosphate. 
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5. By separating the lead exposure from the oxygen uptake de- 
termination a better control of the various factors is obtained. 
In this type of experiment the Qo, is slightly decreased by previous 
exposure to 0.002 m lead acetate but not by exposure to 0.001 m 
lead acetate. 
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In 1937 a protein material was isolated (1) by ultracentrifuga- 
tion from extracts of warts (2) occurring naturally in Western 
cottontail rabbits. Readily purified by alternate low and high 
speed centrifugation the material sediments in the analytical 
ultracentrifuge with the sharp boundary indicative of high homo- 
geneity and with a sedimentation constant determined only ap- 
proximately in previous studies to be of the order of 250 X 10-" 
em. sec.—' dynes (1). Investigation of this heavy protein in the 
past 3 years has shown it to possess with a remarkable degree of 
uniformity the biological properties ascribable to the rabbit 
papilloma virus, as demonstrated by quantitative studies on in- 
fectivity, complement fixation, and neutralization with specific 
immune serum (3). Limited by the small quantities of it available, 
studies of the physical and chemical properties of the protein have 
been few. Recently, however, enough of it was obtained for 
studies (4) in the Tiselius apparatus, and the results showed elec- 
trophoretic homogeneity of the protein equal to that of hemocy- 
anins (5) and low molecular weight crystalline proteins studied 
by this method (6). 

In the present work, studies have been made to obtain informa- 
tion relative to the molecular size, shape, and homogeneity of 
the protein. For this purpose two methods have been employed, 
consisting in the combination of diffusion measurements with 
(1) sedimentation and (2) viscosity data. The latter analysis is 
of especial interest, since it has recently been shown (7) to furnish 
information with respect to the size and shape of homogeneous 
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low molecular weight proteins. Comparison of the findings with 
these two sets of data obtained with the high molecular weight 
protein, therefore, may be regarded as a further test for the general 
applicability of this method of interpretation and as an additional 
estimate of the homogeneity of the papilloma virus protein. In 
parallel with these principal studies the same material has been 
examined for its electrophoretic behavior; and, to provide a basis 
for biological correlations, experiments were carried out to deter- 
mine its specific infectivity and its reaction with specific immune 
serum in the neutralization reaction. 


Materials 


Significant amounts of the purified protein can be obtained only 
from warts occurring naturally in Western cottontail rabbits. 
The growths are gathered in Kansas and placed in a solution of 
glycerol and 0.9 per cent NaCl, equal volumes of each, for ship- 
ment to the laboratory, where they are stored at 2-5°. Growths 
have been accumulated each trapping season for the past 4 years 
and those used in the present study were chosen at random from 
this stock. No evidence has been seen of differences in the 
behavior of the protein or in the yield of it relative to the length 
of storage within this period. 

From ten bottles 430 gm. of wart tissue varying in age from 2 
to 3 years were obtained. It should be emphasized that the warts 
in each bottle were from several rabbits and the samples of ma- 
terial used here thus represented growths from a large number of 
animals. The warts were ground and extracted in 7.5 per cent 
suspensions in a solution containing 0.13 m NaCl and 0.05 
phosphate buffer of pH 6.5. Purification of the protein was ac- 
complished by alternate low and high speed spinning in the quan- 
tity ultracentrifuge as previously described (1). The pellets ob- 
tained in the third high speed run at 40,000 times gravity were 
dissolved in a saline-phosphate solution and spun 20 minutes in 
an angle centrifuge at 4000 times gravity. The total yield of 
protein from the various batches of warts was 195 mg. In the 
course of the work, some samples of the protein were used in 
several different studies, and it was necessary to reconcentrate 
the protein from dilute solutions by sedimentation in the quantity 
ultracentrifuge at 40,000 times gravity as in the purification 
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process. Following this, concentrated solutions of the pellets 
were always spun in the angle centrifuge at 4000 times gravity 
for 20 minutes. 


Methods 


Studies on sedimentation velocity were made in an air-driven 
analytical ultracentrifuge (8) by the absorption method of Sved- 
berg. All sedimentation diagrams in the series consisted of nine 
exposures made at intervals of 2.5 minutes while the rotor turned 
at a speed of 255 revolutions per second. Rotor speed was meas- 
ured by means of a stroboscope calibrated with a 60 cycle vi- 
brating reed. Temperature readings were made before and after 
ach run, and the average of the two readings was taken for vis- 
cosity corrections. When these two readings differed by more 
than 1°, the analysis was excluded from the determination of the 
sedimentation constant. 

Diffusion measurements were carried out at 25° + 0.002° with 
the refractometric apparatus as described previously (9). The 
virus was dissolved in a solution consisting of 0.05 m phosphate 
buffer and 0.13 mM NaCl at pH 6.5. Diffusion took place into buffer 
of the same compesition and pH, after the protein solution had 
been dialyzed in cellophane against the buffer for 48 hours. 

Viscosity measurements were made at 25° + 0.01° in capillary 
viscometers of the type described by Neurath, Cooper, and Erick- 
son (7). The mean velocity gradients employed were about 1700 
sec.!. Protein concentration in the NaCl-phosphate solution 
was determined for each dilution separately prior to the respective 
viscosity determinations. 

Density was determined on solutions of known protein concen- 
tration weighed in a 2 ml. capped pycnometer on a microbalance 
after equilibration at 25°. 


Results 
In the sedimentation studies seventeen analyses were made 
on twelve different preparations of purified protein. The homo- 
geneity of the protein with respect to sedimentation rate is 
illustrated in Fig. 1. Here the boundary sedimenting in the 
analytical ultracentrifuge is sharp and no evidence is seen of low 











296 Rabbit Papilloma Virus Protein 
molecular weight protein in the fluid above the boundary nor of 
particles heavier than the protein in the region beneath the bound- 
ary. The sharpness of boundary with this animal virus protein 
is comparable with boundaries seen with the plant virus pro- 
teins (10). 





Fig. 1. Sedimentation diagram of papilloma virus protein, 2.9 mg 


per ml., in a solvent of 0.13 m NaCl and 0.05 m phosphate buffer at pH 6.5. 
The mean ultracentrifugal field was 17,028 times gravity and the interval 
between exposures 2.5 minutes. The sedimentation constant was 829° = 


276.7 x 10-' em. sec. ' dynes . 














Fig. 2. Frequency chart for the sedimentation constant of the papilloma 
virus protein. Each block represents an independent determination. 
Mean value, 89° = 278.3 X 10° em. sec! dynes"'. ao, = +1.6 and o¢ = 


+6.7. Twelve separate preparations were used. 


Sedimentation constants of the protein show variations, the 
extent of which is given in the histogram of Fig. 2. These values 
were obtained by application of Svedberg’s (11) equation 


log 22o/%1 fat \f a \f 1 — Veorro 
899 = . - — (1) 
w*(te — ty) \ neo ur 1 — Vip 
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where 2; and 2, are the distances from the center of rotation at 
times t; and f, w is the angular velocity of the rotor, 9? the viscosity 
coefficient of water at the temperature of the experiment, 20 the 
viscosity coefficient of water at 20°, 7, the viscosity coefficient of 
the solvent at temperature t, Veo the partial specific volume of 
solute at 20°, V, the partial specific volume of solute at the tem- 
perature of the experiment, px the density of water at 20°, 
and p; the density of the solvent at temperature t. 

From the pycnometric measurements, the specific volume of the 
protein was found to be 0.7558. The maximum difference be- 
tween observed sedimentation constants was that between 266.1 X 
10-8 and 287.6 xX 10-%. Although no explanation for these 
variations is yet apparent, they do not exceed but are even less 
than those encountered in sedimentation studies of plant viruses 
(12). No correlation was seen between sedimentation constant 
and protein concentration in the region of 1 mg. per ml. to 4 mg. 
per ml. The mean sedimentation constant for the series was 
278.3 X 10-%. The standard error of the mean was +1.6, while 
the standard deviation of an individual reading was +6.7. 

Diffusion constants were calculated from the curves obtained 
when the scale line displacements were plotted against the posi- 
tions of the displaced lines according to the methods of “maximum 
ordinate,” “‘maximum ordinate-area,”’ and “successive analysis” 
((7) Equations 6 to 8). The data obtained with three different 
concentrations of protein are summarized in Table I. Inspection 
of Table I shows a dependence of the diffusion constant on time 
of diffusion as well as protein concentration. With the 0.5 and 
0.3 per cent protein solution there is a gradual increase in diffusion 
constant with time and the diffusion constant also increases with 
increasing dilution of the solutions. 

In order to get a better insight into these apparent diffusion 
anomalies use was made of the following mathematical relations 
between D, H,,, and ¢ which follow directly from the original 
diffusion equation as derived by Lamm (13). 


u/ V2 = VD (2) 


and 
HnVi=KQ/VWD) K=~VWA*/4x (3) 
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where u is half the distance between the inflection points and 4 
the area under the curves, both corrected for photographic mag- 
nification, ¢ the time in seconds, D the diffusion constant in sq. em, 
per second, and H,, the maximum height of the diffusion curves, 
For an ideal diffusion process » should vary linearly with +/2¢, 
the square of the slope of the curve being equal to the diffusion 


TaBLe I 

Results of Diffusion Measurements of Rabbit Papilloma Virus Protein 
H,», = maximum ordinate, D, diffusion constant calculated by maximum 
height method, D, diffusion constant calculated from H,, and area ((9) 
Equation 2), D; diffusion constant calculated by method of successive 
analysis, D, mean diffusion constant calculated from Equation 2, Ds mean 
diffusion constant calculated from Equation 3, D’ mean diffusion contant 
corrected for solvent viscosity. 























Protein | 

concen- Time Ha Area Di | D: | Di | Ds | Ds 

tration | 

percent| sec. |em.X10\em.X108| 10° | w | w | wow | 

0.5 | 122,940 | 320 4.07 ) 
168,000 | 256 3.93 | | | 
212,760 | 228 346 | 4.00 | 3.75 | 3.79 { es To 
257,400 | 205 374 | 4.30 | 4.33 | 4.20 |] | 

0.3 | 90,000} 210 3.41 | | 
146,700 | 157 3.56 | | 
179,580 | 130 | 3.97 | | 
| 248,160 | 107 4.52 | | | 
| 320,400 | 92.5 | 4.81 | | | 

0.2 | 51,480} 209 | 6.47 | ) | 
87,540 | 158 | 213 | 6.32 | 6.83 | 6.7 ||... | 
130,140 | 135 | 6.57 | 7 6-8 7 SS 
| 167,100 | 119 | 6.54 

D mean | 6.50 | 

D’ | 6.65 





constant. Similarly, the maximum height should be inversely 
proportional to +/t. In Figs. 3 and 4 the data are plotted ac- 
cording to Equations 1 and 2 for 0.5, 0.3, and 0.2 per cent protein 
solutions. 

It may be seen that for the most dilute solution the linear relation 
between » and +/2¢t is verified, whereas with the 0.3 per cent solu- 
tion the initial slope is considerably less and, with higher values of 
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t, increases to the value obtained with the dilute solution. With 
the most concentrated solution there is a linear relationship 
throughout the entire time of observation, the slope being much 
less than in the other two cases cited. 

A similar relationship is obtained when the values are plotted 
according to Equation 3. Here, too, the 0.2 per cent solution 
follows the theoretical linear relation, whereas with the next higher 
concentration the negative slope is much greater for low values of 
t, and becomes identical with that of the most dilute solutions at 
limiting values of 1/+/t, (t+ ©). Again, the most concentrated 
solution exhibits the largest deviations. 
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Fie. 3. Half the distance between the inflection points of the diffusion 
curves, corrected for photographic magnification, », plotted against the 
square root of twice the time of diffusion,+/2¢. The slope of the curves is 
equal to the mean square root of the diffusion constant. O represents 
0.2, @ 0.3, A 0.5 per cent protein. 


The agreement between the values of D for the 0.5 per cent 
solution, listed in Table I, together with the linear u/+/ 2t relation 
in Fig. 3, might be construed as an ideal diffusion behavior for this 
solution. The considerably lower absolute value of D, as com- 
pared with that of the 0.2 per cent solution, might be explained as 
being due to the presence of larger or more asymmetric molecules 
in the more concentrated solution. Such an assumption can, 
however, readily be shown to be fallacious, since in the first place 
the H,,/(1/+/t) relation of Fig. 4 indicates a non-ideal diffusion 
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process for this concentration and in the second place neither 
viscosity nor sedimentation measurement furnishes any evidence 
for changes in molecular size or shape with increasing protein 
concentration in the range studied. 

Interaction between the molecules on the other hand may readily 
account for the observed diffusion behavior. Considering again 
the more concentrated solutions, the retardation of the diffusion 
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Fic. 4. The maximum ordinate of the diffusion curves corrected for 
photographic magnification, H,,, plotted against the inverse square root 
of the time of diffusion, 1/+/t. The limiting slope of the curves is propor- 
tional to the mean square root of the diffusion constant (Equation 3). 
O represents 0.2, @ 0.3, A 0.5 per cent protein. 


rate will persist as long as the net concentration exceeds a certain 
critical value. As diffusion proceeds over a sufficiently long 
period of time, the dilution occurring in the solution compartment 
will counteract the interaction tendency and will finally lead to 
the restoration of the unrestricted diffusion velocity. Such has 
indeed been observed (Figs. 3 and 4). 

In the case of the rod-shaped molecules of tobacco mosaic virus 
it was found that even in concentrations of 0.2 per cent protein 
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anomalous diffusion persisted (14). With the almost spherical 
molecules of tomato bushy stunt virus (9), normal diffusion was 
found to occur at concentrations below 1.2 per cent protein. As 
asymmetric molecules exhibit a stronger interaction tendency than 
spherical ones, other things being equal, the critical concentra- 
tion of about 0.3 per cent protein observed with the rabbit 
papilloma virus, the molecular weight of which is of the same 
order of magnitude as that of the other two viruses, would indicate 
a molecular asymmetry considerably lower than that of the tobacco 
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Fic. 5. The relative viscosity of rabbit papilloma virus protein plotted 
against the protein concentration in weight per cent. 


mosaic virus and somewhat higher than that of the bushy stunt 
virus. 

The limiting value of the diffusion constant, corrected for the 
viscosity of the solvent, has been calculated to be Dayo = 6.65 xX 
10-* with a standard deviation of the mean of +0.13 X 10-%. 
The degree of agreement between the values listed for the most 
dilute solution in Table I testifies that the solution is essentially 
monodisperse. 

In Fig. 5 the relative viscosity is plotted against the volume 
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concentration of unhydrated virus protein. The experimental 
points were obtained with two different virus preparations and 
follow closely the straight line observed also with low molecular 
weight proteins in this concentration range (7). 


DISCUSSION 


From the results obtained by sedimentation and diffusion meas- 
urements certain conclusions may be drawn concerning the degree 
of monodispersity of the purified rabbit papilloma virus protein. 
The sharpness of the single boundary with which the material sedi- 
ments in the ultracentrifuge and the agreement between the values 
for the sedimentation constant shown in Fig. 2 may, as a first 
approximation, be regarded as evidence for the protein solution 
being essentially monodisperse. Similarly, molecular monodis- 
persity is evidenced by the diffusion measurements on the most 
dilute solution. There, the diffusion constants calculated by 
the various methods of analysis are in very close agreement with 
one another, indicating the presence of only one molecular species 
with regard to size and shape. The close agreement between the 
values for molecular shape obtained from diffusion and sedimenta- 
tion data on one hand, and viscosity data on the other, may like- 
wise be regarded as indicative of monodispersity. 

From an electrochemical view-point, the virus protein appears 
to be as homogeneous as any protein that has as yet been sub- 
jected to quantitative studies in the Tiselius apparatus (4). This 
is illustrated in Fig. 6 in which the electrophoretic diagram of a 
0.35 per cent virus protein solution in a monovalent buffer of 0.1 
ionic strength at pH 3.78 is recorded. This diagram, obtained by 
the use of the Philpot-Svensson technique (15), shows only single 
peaks and a remarkably small amount of boundary spreading. 
This behavior leads one to the conclusion that the protein, regard- 
less of its molecular-kinetic state of dispersion, is essentially homo- 
geneous as far as the number and distribution of electrically 
charged groups is concerned. 

The present studies indicate, therefore, that the rabbit papilloma 
virus, within the limits of the resolving power of the instruments 
used, is monodisperse but that no unambiguous conclusions may 
be drawn regarding its chemical homogeneity. This is in accord 
with findings obtained from studies on plant viruses in which 
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unequivocal proof for homogeneity, as for instance that to be ob- 
tained from solubility studies (16), is still outstanding. 

The biological behavior of the protein used in the present work 
was studied by titration (17) of twelve 2-fold dilutions of it in each 
of a group of twenty-nine rabbits. The 50 per cent point infectious 
unit (18) was 10-82" gm. of protein per 0.1 ml. of inoculum, which 
does not differ significantly from 50 per cent point units observed 
in previous studies (3) with other preparations; namely, 10~-**, 
10-8, and 10-865 gm. of protein per 0.1 ml. of inoculum. In 





Fic. 6. Electrophoresis of papilloma virus protein. Svensson diagrams 
recording migration of boundary B into buffer, boundary P into protein. 
Solvent, sodium chloride (0.05 mM) and sodium veronal-sodium acetate 
(0.05 m), ionic strength 0.1, pH 3.78, and electric field 3.25 volts per em. 
The pair of initial peaks was photographed at the beginning of the experi- 
ment and the succeeding pairs at intervals of 110 minutes for 5.5 hours. 
Mobility of the positively charged protein was +3.70 X 1075 sq. em. per 


second per volt. 


neutralization studies with this material and a specific immune 
serum, designated in previous reports as D. R. 496, the results 
found were those predicted by the mathematical relations estab- 
lished for this serum (19) with other preparations of protein. 
These biological studies indicate, within the limits of the methods, 
the uniformity of behavior of papilloma protein purified by ultra- 
centrifugation. 

The molecular weight of the virus protein has been calculated 
from sedimentation, diffusion, and density data with the equation 


M = RTs/D(1 — Vp) (4) 
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where s is the sedimentation constant, D the diffusion constant, 
V the partial specific volume of the anhydrous protein, and p 
the density of the solvent. Using a value! of 820° = 280 K 107%, 
Doe = 5.85 XK 10-8, and Vaoe = 0.754, one calculates a molecular 
weight of M = 47,100,000. The dissymmetry constant f/f, 
becomes equal to 1.486, corresponding to a ratio of the major to 
minor axis of 9 for a prolate ellipsoid, and of 11 for an oblate el- 
lipsoid, if effects of hydration are neglected. 

The apparent molecular shape, hydration being neglected, cal- 
culated from viscosity data with the Simha (20) equation and 
expressed in terms of axial ratios, is 6.5 and 10.6 for the model of a 
prolate and oblate ellipsoid respectively. The agreement be- 
tween the values obtained from viscosity data compared with 
those calculated from fp/fo is unsatisfactory when the shape of a 
prolate ellipsoid is assumed but satisfactory for the shape of an 
oblate ellipsoid. This may be regarded as evidence for this pro- 
tein resembling in shape oblate ellipsoids of revolution (21). 

In a previous paper (7) it was shown that for low apparent 
asymmetries hydration is of considerable influence on the choice 
of the true values for molecular shape. While no data are available 
to indicate the extent of hydration of this or any other virus pro- 
tein, one may tentatively assume hydration to the extent of 33 
per cent as appears to obtain with crystalline proteins. This 
would then correspond to a value of 7.3 for the axial ratio of an 
oblate ellipsoid of revolution, as calculated from the dissymmetry 
constant, and of 6.9 as derived from viscosity data. 

According to the experimental data found here, the number of 
papilloma virus protein molecules corresponding to one standard 
50 per cent point infectious unit (18), namely 10~**° gm. of pro- 
tein per 0.1 ml. of inoculum, is 107-* or 56,800,000 molecules. 
This value is of the same order as that previously calculated on the 
basis of assumptions relative to size, shape, and density of the 
papilloma protein molecule. 


This work has been aided by grants from the Rockefeller Foun- 
dation, from the Lederle Laboratories, Inc., Pearl River, New 
York, and by the Dorothy Beard Research Fund. 


‘This is the value found for the preparation used for diffusion 
measurement, 
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SUMMARY 


The present paper describes quantitative sedimentation, diffu- 
sion, and viscosity measurements on purified rabbit papilloma virus 
protein. The sedimentation data obtained with the analytical 
ultracentrifuge indicate a high degree of monodispersity as judged 
from the sharp sedimenting boundary and the limited variations 
in sedimentation constants on individual preparations. 

In concentrations higher than 0.3 per cent protein the diffusion 
behavior has been found to be anomalous owing to interaction 
between the molecules in this concentration range. In dilute 
solutions, namely 0.2 per cent protein, diffusion proceeds ideally 
and the results indicate the presence of only one molecular species 
in regard to size or shape. 

The relative viscosity of the protein has been found to be a linear 
function of concentration up to about 8 mg. per ml. 

Electrophoretic measurements in the Tiselius apparatus indicate 
the protein to be electrically homogeneous. 

Infectivity measurements on the protein studied here indicate 
biological uniformity of behavior. This biological state of the 
protein was further established in quantitative studies on neu- 
tralization with specific immune serum. 

The molecular weight as calculated from the sedimentation and 
diffusion constants is 47,100,000. Comparison between the data 
obtained from diffusion and sedimentation on one hand, with 
those from diffusion and viscosity measurements on the other, 
furnishes evidence that the protein molecule resembles in shape an 
oblate ellipsoid of revolution with an axial ratio of about 11 if 
hydration is neglected and of 7 if 33 per cent hydration is assumed. 
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LETTERS TO THE EDITORS 





AN IMPROVED METHOD FOR RECRYSTALLIZING UREASE 
Sirs: 


In the original method of Sumner' for recrystallizing urease 
the addition of buffer in dilute acetone is made over a period of 
2 or 3 days in order to obtain crystals which are large enough to 
be centrifuged down readily. By altering the procedure somewhat, 
one can obtain urease crystals of satisfactory size in from 30 
minutes to 1 hour. This is of advantage, since in 2 or 3 days 
time urease may oxidize considerably, so that by the time it is 
recrystallized, according to the old method, it may be appreciably 
denatured. 

The new procedure is as follows: Jack bean meal is extracted 
with 31.6 per cent acetone as usual, and the filtrate is left over- 
night in the ice box. The filtrate, which contains the urease 
crystals, is centrifuged and the supernatant liquid is carefully 
drained off and discarded. The precipitate containing the urease 
crystals is mixed with distilled water, 3 cc. being used for every 
100 gm. of jack bean meal originally employed. Complete 
solution of the urease crystals can be tested by observing a drop 
of the material under the microscope. The urease solution is 
next clarified by centrifuging at high speed, preferably in a cold 
room, for 1 or 2 hours. As an alternative, one can filter and re- 
filter the urease in an ice chest until clear. One pours off the 
slightly hazy supernatant solution and adds to every 20 ce. 1 
ec. of 0.5 m citrate buffer of pH 6.0. Next, one adds 0.2 volume 
of pure acetone with stirring. The solution is now placed in the 
ice box. Crystallization is nearly complete after } hour. The 
crop of crystals can be increased somewhat by adding acetone, 
a few drops at a time, until the total amount of acetone added 
amounts to about 25 per cent. 


1Sumner, J. B., J. Biol. Chem., 70, 97 (1926). 
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The 0.5 m citrate buffer is prepared by adding 9 volumes of 
0.5 m disodium citrate to 1 volume of 0.5 M citric acid. 


Biochemistry Laboratory ALEXANDER L. Dounce 
Cornell University 
Ithaca 
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THE ENZYMATIC CONVERSION OF GLUCOSE-6- 
PHOSPHATE TO GLYCOGEN* 


Sirs: 
The first three enzymatic reactions by which glycogen is broken 


down in the tissues and the positions of the equilibria of the reac- 
tions at pH 7 and 25° are: 


Glycogen + inorganic phosphate (77%) — glucose-1-phosphate (23%) (I) 


Glucose-l-phosphate (6%) — glucose-6-phosphate (94%) (II) 
Glucose-6-phosphate (70%) — fructose-6-phosphate (30%) (IIT) 


New experiments have shown that (II), which has been regarded 
as irreversible, actually represents a reversible enzymatic equilib- 
rium. The enzyme phosphoglucomutase which catalyzes this 
reaction has now been separated from phosphorylase and 
isomerase, the enzymes which catalyze (I) and (II), respectively. 
When phosphoglucomutase prepared from muscle extract was 
allowed to act on pure glucose-6-phosphate in the presence of 
magnesium ions, 6 per cent of an easily hydrolyzable ester was 
formed. (The same equilibrium was reached when the reaction 
proceeded from left to right.) The ester was split during 5 minutes 
hydrolysis in 0.1 N H.»SO, at 100°, under which conditions glucose- 
6-phosphate was not split at all. That the newly formed ester 
was actually glucose-l-phosphate was shown by the fact that 
when phosphorylase, its coenzymes, and barium ions were added 
to the reaction mixture glycogen synthesis took place. The 
barium ions cause precipitation of the inorganic phosphate set 
free when (I) goes to the left and thereby permit the equilibrium 
to be shifted to the glycogen side, in spite of the small amount of 
glucose-l-phosphate formed in (II). As much as 33 per cent of 
the added glucose-6-phosphate has been converted to glycogen 
during 3 hours incubation at 25°. The increase in glycogen was 


* Supported by a research grant from the Rockefeller Foundation. 
1 Cori, G. T., Colowick, 8. P., and Cori, C. F., J. Biol. Chem., 124, 543 
(1938). Cori, C. F., Endocrinology, 26, 285 (1940). 
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demonstrated by (a) determination according to Pflueger’s method, 
(b) the blue color reaction with iodine, characteristic of the poly- 
saccharide synthesized by muscle enzyme, and (c) determination 
of the amount of inorganic phosphate formed in (1). 

With the demonstration of the reversibility of (IL), the chief 
difficulty in the elucidation of the pathway of glycogen synthesis 
from glucose and from fructose has been removed. Glucose and 
fructose are converted to the respective 6-phosphates by hexo- 
kinase, which occurs in most tissues and which transfers the labile 
phosphate groups of adenosine triphosphate to these hexoses. 
The enzyme which catalyzes (III) establishes a reversible equilib- 
rium between glucose-6- and fructose-6-phosphate.* As shown 
in this note, the former ester can be converted to glycogen when 
conditions are favorable for a reversal of (II) and (1); 7.e., when 
the concentration of inorganic phosphate is kept very low. 

Aerobic phosphorylation of glucose‘ is a mechanism which keeps 
the concentration of inorganic phosphate at a very low level, but 
it leads, in cell-free tissue extracts, to the further phosphorylation 
of fructosemono- to fructosediphosphate. This prevents (II) and 
(1) from proceeding to the left and probably accounts for the 
failure so far to obtain glycogen synthesis from glucose in tissue 
extracts. Conditions for glycogen synthesis are undoubtedly 
much more favorable in the intact cell, owing to the fact that there 
exist mechanisms for the regulation of enzyme activity, in contrast 
to the unchecked activity of enzymes in solution. 


Department of Pharmacology E. W. SuTHERLAND 
Washington University School of Medicine Sipney P. Co._owick 
St. Louis Car F. Corr 
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2? Meyerhof, O., Biochem. Z., 183, 176 (1927). Colowick, 8S. P., and 
Kalekar, H. M., J. Biol. Chem., 187, 789 (1941). 

’ Lohmann, K., Biochem. Z., 262, 137 (1933). Meyerhof, O., Nature, 
132, 337 (1933). 

4 Colowick, S. P., Kalekar, H. M., and Cori, C. F., J. Biol. Chem., 187, 
343 (1941). 











MANGANESE AND THE GROWTH OF LACTIC ACID 
BACTERIA 
Strs: 

During analyses of natural products for pantothenic acid by the 
method of Pennington, Snell, and Williams,' it was observed that 
certain products produced much more rapid growth of the test 
organism than did optimal quantities of pantothenic acid. These 
observations seemed to indicate tLat the basal medium was defi- 
cient in something other than pantothenic acid and it was deemed 
advisable to discover what this growth factor might be. A basal 
medium composed of 1 per cent glucose, 0.5 per cent peptone, 0.2 
per cent KsHPO,, 0.5 per cent sodium acetate, 0.1 per cent yeast 
extract, and 0.5 per cent hydrolyzed casein and 0.2 y per cc. of 
pantothenic acid was prepared. Substances to be assayed were 
added in appropriate amounts. The media were sterilized in an 
autoclave (15 pounds, 15 minutes) and inoculated with a diluted 
broth culture of Lactobacillus casei (approximately 14 million cells 
per tube). Incubation was carried out at 37° for 16 hours and 
growth was then estimated both by turbidity determinations and 
by titration of the lactic acid produced. 

The best source of the growth factor was malt sprouts or an 
aqueous extract of malt sprouts. The factor was removed from 
solution by such simple reagents as alkali or HS. It was then 
found that the ash of malt sprouts was active and that the activity 
was destroyed by HS. Trials-of several metallic salts showed 
that manganese was the effective material. Salts of Cu, Pb, As, 
Sb, Sn, Hg, Bi, Cd, Tl, Fe, Zn, W, and Mo (0.01 to 100 y) were 
without effect or were inhibitory. 

Ziatarov and Kalcheva? observed that manganese stimulated 
Streptococcus lactis. Our observations extend these conclusions 


! Pennington, D., Snell, E. E., and Williams, R. J., /. Biol. Chem., 136, 
213 (1940). 
? Ziatarov, A., and Kalcheva, D., Biochem. Z., 284, 12 (1936). 
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to the lactobacilli. Under our conditions Escherichia coli and 
hemolytic streptococci of Groups A and D were not affected by 
manganese. 

The effect of manganese was only upon the rate of growth and 
not on the extent. With manganese, growth and acid production 
were complete in 12 to 16 hours; without it, approximately 40 
hours incubation was required. 


Effect of Mn** on Acid Production by Lactobacillus casei 











Mn** | 0.1 N acid produced 
Y per cc. ec. per 10 cc. 

0 4.8 

0.26 7.8 

1.30 9.2 

2.6 9.4 

13.0 9.0 





An attempt was made to learn the mechanism of action of 
manganese by noting the effect on the rate of growth in substrates 
which are possible intermediates in the formation of lactic acid 
from glucose. Growth in hexose diphosphate was stimulated 
by manganese. Pyruvate or acetaldehyde and pyruvate sup- 
ported only slight growth even in the presence of manganese and 
none in its absence. Other postulated intermediates were not 
available but it is believed that this approach to a study of the 


mechanism may prove useful. 

Laboratories of The Rockefeller Institute D. W. Woo..ey 
for Medical Research 

New York 
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THE EXCRETION OF KETO ACIDS* 


Sirs: 


It has been known for some time that keto acids other than 
acetoacetic acid are excreted in the urine. Modifications of the 
Neuberg-Case procedure have been used particularly to study 
the increase of pyruvate in blood and urine in thiamine deficiency.! 
From an incidental observation of the decrease of the keto acid 
fraction (k.a.f.) in the urine after the exclusion of proteins from 
the diet we became interested in the nature of the excreted keto 
acids and, hence, the source of the k.a.f. was studied in rats under 
different dietary conditions.2 The values of the keto acids 
excreted are expressed in pyruvic acid equivalents, since the 
molar extinction coefficients of the 2,4-dinitrophenylhydrazones 
of six naturally occurring keto acids are nearly the same. To 
prevent deterioration the urine was collected in test-tubes im- 
mersed in dry ice. Rats kept on a mixed laboratory diet excrete 
from 1 to 4 mg. of pyruvic acid equivalents daily. Upon fasting 
the excretion drops immediately to 0.5 to 0.8 mg. daily. This 
low level of excretion is maintained on a protein-free fat-carbo- 
hydrate diet. Adding protein to this diet results in an immediate 
rise of the k.a.f. Rats kept on a protein-free diet until the k.a.f. 
reached a constant minimum received in addition to the diet one 
of eight different amino acids (0.01 mole) daily for 2 days. The 
addition of glycine, l-alanine, /-glutamic acid, or /-leucine did not 
result in a rise of the k.a.f. J-Lysine gave a definite increase in 
one animal (0.6 to 4 mg.) and a slight increase (0.6 to 1.6 mg.) 
in another. dl-Phenylalanine and [-tyrosine produced a con- 
siderable increase in the excretion of the k.a.f., as was expected.’ 


* This study was aided by a grant from the Joshua Rosett Research Fund. 

1 Shils, M. E., Day, H. G., and McCollum, E. V., J. Biol. Chem., 139, 
145 (1941). 

?Lu, G. D., Biochem. J., 33, 249 (1939). Bueding, E., and Wortis, H., 
J. Biol. Chem., 183, 585 (1940). 

* Kotake, Y., Matsuoka, Z., and Okagawa, M., Z. physiol. Chem., 122, 
166 (1922). Kotake, Y., Masai, Y., and Mori, Y., Z. physiol. Chem., 122, 
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In the case of tyrosine the excretion amounted to 5 per cent of 
the amino acid fed and in the case of phenylalanine to 7 per cent. 
dl-Methionine feeding also resulted in an increase of the k.aLf, 
(1 to 5 mg.); the 2,4-dinitrophenylhydrazone of the a-keto-y- 
methiolbutyric acid was isolated.‘ 

In all experiments in which an increased excretion of k.aLf, 
followed feeding of amino acids the excretion decreased the day 
after the feeding was stopped. It appears that the excretion 
of keto acids in urine is related to the metabolism of some amino 
acids and follows closely and rapidly the intake of these nitroge- 
nous body constituents. Furthermore the k.a.f. in fasting and 
on a protein-free diet seems to result from the “wear and tear” 
of the body proteins under these particular conditions. 


Departments of Neurology and Biochemistry Heinrich WaAELSCH 
College of Physicians and Surgeons 
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